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PREFACE. 



In preparing the fourth edition of my text-book of 
Pathology and Morbid Anatomy, I have again added 
much new matter, with the object of making the 
work a more complete guide for the student. All 
the chapters have been carefully revised, and a large 
addition has been made to the number of woodcuts. 
These new woodcuts, as in previous editions, have 
been drawn by Mr. Collings from my own microsco- 
pical preparations. 

T. Henry Green. 



74, WiMPOLE Street, Cavendish Square, 
February, 1878. 
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INTRODUCTION. 



Pathology treats of the origin, nature, course, and 
causes of those changes in the body which constitute 
disease ; Morbid Anatonvy or Morbid Histology, of the 
actual alterations in the tissues which the disease has 
produced. The former is therefore comparable with Phy- 
siology, the latter with the Histology of the normal 
tissues. 

By disease is understood some deviation from the state 
of health ; a deviation consisting for the most part in an 
alteration in the functions, properties, or structure of S9me 
tissue or organ, owing to which its office in the economy 
is no longer performed in accordance with the normal 
standard. 

Diseases are commonly divided into two classes^ 
organic and functional. The former comprise all those 
which are attended by structural change ; the latter those 
in which no such change is discoverable. Whether it be 
possible for the function of an organ or tissue to be ab- 
normally performed quite irrespective of any alteration in 
its structure admits of some doubt. At all events, as our 
methods of minute investigation improve, and our know- 
ledge of morbid histology increases, the class of func- 
tional diseases grows less ; and although there still remain 
a large number of diseases in which we are unable to re- 
cognise any alteration of structure, and which must 
therefore still be described as functional, it is probable 
that all disease will ultimately be found to be attended 
by more or less material change. 



2 INTRODUCTION. 

As health is itself merely a relative term and imp! 
no definite performance of the processes of life, so dise 
is eqnally indefinite ; it cannot be separated from hea 
by any well-defined boundary, the one passing by 
sensible gradations into the other. 

Disease is thus, in most cases, an abnormal performa 
of those processes which constitute life, and a knowlec 
of these processes must therefore necessarily precede 
study of pathology. Life comprises the formation i 
maintenance of the tissues and the exhibition of tl 
various functions. Such formation and maintenai 
which may be included under the general term of Nu 
timi, consist in the continuous supply of new matei 
the separation of this from the blood and its appropi 
tion by the tissues, together with the removal of the \ 
ducts of their waste. Function is the special manifestat 
of the life of the part, as distinct from its growth and 
maintenance of its structure ; in the secreting cell, c 
sisting in the alteration of the substances abstracted fi 
the blood to fulfil some special purpose in the econon 
n nerve, in the transmission of impulses of motion j 
sensation, &c. The performance of function is obvioi 
dependent upon the state of nutrition. When both 
these are normal the condition is one of health, w. 
abnormal one of disease. 

As in health the nutrition is principally depend 
upon the solid tissues, these abstracting, appropriati 
and altering the material which is supplied to them 
the blood ; so in most forms of disease it is these tiss 
which play the more important part, and alteration! 
them are amongst the most frequent of the moi 
processes. 

The supply and composition of the blood must obviot 
at the same time constitute most important factors 
disease. Owing to the intimate relation which subs 
between the blood and the solid tissues, any alteratioi 
the composition of the former must exercise more or '. 
influence upon the nutritive processes. In regarding 
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blood, Loweyer, as an element in the cansation of disease, 
it most be borne in mind that this flaid is in a state of 
constant dependence npon other parts ; its component 
elements are derived from external sources and undergo 
eontinnal change, and although possibly under certain 
GTCumstances it may become altered by virtue of changes 
in the nutritive activity of its cellular elements, alterations 
in its constitution must in most cases result either from 
Borne change in the process of its formation, as from the 
ingestion of improper or insufficient food, mal-assimila- 
tion, or disease of the lymphatic structures ; from changes 
in the secretory or excretory processes ; or from the in- 
troduction of foreign substances, derived from extraneous 
sources. Whilst, therefore, alterations in the composition 
of the blood may be important agents in the production 
of diseased processes in other tissues, such alterations are 
in most cases secondary to some abnormality in its for- 
mation or depuration, or to its contamination by sub- 
Btances derived from without. Owing to the facility with 
which it becomes the recipient of foreign substances, it is 
often the first tissue to become altered, as, for example 
in many of those diseases which owe their origin to the 
introduction of minute organisms ; and it not infrequently 
constitutes the principal seat of the diseased process. 

The blood may also play an important part in disease, 
owing to an abnormal activity of its white corpuscles and 
their migration through the walls of the blood-vessels 
into the surrounding tissues. This occurs in the process 
of inflammation, and probably also in the development of 
many of the new formations. 

Lastly, the influence of the nervous system must be 
taken into account in considering abnormal conditions of 
nutrition and function. This, by regulating the circulation 
and supply of blood, must to a certain extent control 
tissue-change. The results of experimental and clinical 
observation render it exceedingly probable that many 
nerves also contain fibres which exercise a direct inft\ieiiCft 
upon nutrition^ independently of that which is due to 
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their vaso-motor filaments. In support of tliis view may 
be adduced the well-known observations of Ludwig and 
Heidenhain on the influence of the chorda tympani npon 
the secretion of the submaxillary gland, which prove that 
the increased secretion which resxdts from the stimulation 
of this nerve is due to an increased activity of the se- 
creting elements of the gland and not to changes in the 
blood-vessels. Recent histological researches, also, which 
are tending to show that nerve-fibres terminate in the 
ultimate elements of nearly all tissues, and the Eact 
that very rapid atrophy of muscles often follows certain 
lesions of the nervous centres and many injuries of the 
nerve-trunks, render it exceeding probable that nutrition 
is more or less under the direct influence of the nervous 
system. 

The first part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terised mainly by alterations in nutrition; the second, 
to those in which an altered nutrition is associated with 
certain changes in the blood-vessels and circulation (in- 
flammation) ; and the third, to changes in the blood and 
circulation alone. In considering the several morbid pro- 
cesses, the general pathology of each process will first be 
described, and subsequently the same process as it occurs 
in the diflerent organs and tissues. 



CHAPTER I. 

THE CELL. 

As the most important element in nutrition, both in 
health and disease, is the activity of the tissues them- 
selves — the supply of nutritive material, although an 
essential, being merely a passive part of the process— it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

Ever since Schwann discovered the cellular nature of 
animals, and established the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an universally accepted physiological and pathological 
doctrine, that the • cell is the seat of nutrition and func- 
tion; and further, that each mdividual cell is itself an 
independent organism, endowed with those properties, 
and capable of exhibiting those active changes which are 
characteristic of life. Every organised part of the body 
is either cellular or is derived from cells, and the cells 
themselves originate from pre-existing cells, and under no 
circumstances do they originate de novo. 

Whilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the cell is itself 
the ultimate morphological element which is capable of 
exhibiting manifestations of life, it must be borne in mind 
that in a complex organism, the phenomena of life axft 
the result of the continned activity of inTiumeTa\)\e c^^, 
moDjr of which posaeaa diatinct and peculiar ivmc^AOTia, 
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their Taso-motor fiUments. In support of this view nuL^ 
be adduced the well-known observations of Lndwig an** 
Heidenhain on the inflnence of the chorda tympani upotf 
the secretion of the sabmariTlaTy gland, which prove tha" 
the increased secretion which results from the stimulatior: 
of this nerre is doe to an increased activity of the se- 
creting elements of the gland and not to changes in the 
blood-vessels. Becent histological researches, also, which 
are tending to show that nerve-fibres terminate in the 
ultimate elements of nearly all tissues, and the fact 
that very rapid atrophy of mnscles often foUows certain 
lesions of the nervous centres and many injuries of the 
nerve-trunks, render it exceeding probable that nutrition 
is more or less under the direct influence of the nervous 
system. 

The first part of this work will be devoted exclusively to 
the consideration of morbid processes which are charac- 
terised mainly by alterations in nutrition; the second. 
to those in which an altered nutrition is associated witl 
certain changes in the blood-vessels and circulation (in< 
flammation) ; and the third, to changes in the blood and 
circulation alone. In considering the several morbid pro- 
cesses, the general pathology of each process will first be 
described, and subsequently the same process as it occun 
in the different organs and tissues. 



CHAPTER I. 

THE CELL. 

As the most important element in nntrition, both in 
liealth and disease, is the activity of the tissues them- 
selyes— the supply of nntritive material, although an 
essential, being merely a passive part of the process— it 
becomes necessary to consider, somewhat minutely, those 
parts of the tissues in which this activity resides. 

£?er since Schwann discovered the cellular natore of 
animals, and estabUshed the analogy between animal and 
vegetable cells, there has been a gradually increasing 
conviction amongst physiologists, which has now become 
an nniversally accepted physiological and pathological 
doctrine, that the cell is the seat of nutrition and func- 
tion; and farther, that each individual cell is itself an 
iiidependent organism, endowed with those properties, 
and capable of exhibiting those active changes which are 
characteristic of Hfe. Every organised part of the body 
is either cellular or is derived from cells, and the cells 
themselves originate from pre-existiag cells, and under no 
circumstances do they originate de novo. 

WTiilst therefore the whole body is made up of cells, 
or of substances derived from cells, and the ceU is itself 
the ultimate morphological element which is capable of 
exhibiting manifestations of life, it must be borne in mind 
that in a complex organism, the phenomena of life are 
the result of the continued activity of innumerable ceYLs, 
many of which possess distinct and peculiar ionctionB, 
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and that bj their combination they become endowed with 
new powers, and exhibit new forces, bo that although, 
each iadividoal unit poBBesaea an index>endent actiTity, 
it is in a. state of eonstant dependence apon others with 
which it is more or lees intimately associated. 

CoNSTiTDTiON OP Cells,— When the analogy waa esta- 
))lished between the animal and vegetable cell, the former 
was held to be coustmcted in all cases 
upon the same principle as the latter, 
and to consist of & eell-wdll, enclosing a 
caTity, in which were contained a n/ucleug 
and fluid contentg (Fig, 1). This was 
the idea of the cell held by Schwann and 
Bemak, and supported especially by Yir- 
chow, who maintained that these three 
constituents were esaential to its vitality 
and existence. 

During recent years, however, this de- 
finition has been modified. The existence 
of a cell-wall was in many cases not evi- 
dent. Inembryonic cells, in those of man; 
^I ^U^L^Dts "'P'^y K^'^ng ^^'^ formations, and in 
nutlei, and nu theceUa ofblood,pu3,andmucuBnolimit- 
cleoli The Eoclm j^g niembrane could.be demonstrated. 
This led to a new definition of the cell by 
Leydig and Max Schultze, who held that a little mass of 
matter enclosing a nucleus waa all that was necessary for 
its conatitution. The latter of these physiologiats not 
only rejected the cell-wall aa an essential conatituent, but 
establiahed the identity of the mass of matter {cell- 
contents) with animal aarcode — a contractile substance 
existing in the lower animals — and showed that, like it, it 
waa endowed with the power of spontaneous rnovement. 
This substance be called protoplasm. Ho further pointed 
out, that the existence of a distinct cell-wall waa the 
result of a retrograde process taking place in the outer 
layers of the protoplasm, and that the latter was the real 
«98^ of the actiritj of the cell. Theee viewa closely 
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eorrespond witH those lield by Dr. Beale in tliis conn- 

tiy* 

The definition of a cell lias been stOl farther modified 
bj Bracke, Strieker, and others, who consider that the 
existence of a nncleas is not essential to its constitntion. 
This opinion is principaUj based npon the fact, that in 
the crfptoganiia, and in some of the lowest a-nimftl forms, 
cells occur in which no nucleus is visible. 

It would thus appear probable that a simple mass of 
protoplasm may, in some exceptional cases, be all that is 
necessary to constitute a cell — i.e., an elementary orga- 
nism, capable of exhibiting independently all the pheno- 
mena of life; but that the nucleus is an exceedingly 
constant and almost invariable constituent. The cell- 
wall is much less constant, and being the result of a 
Tetrograde change in the outer layers of the protoplasm, 
it most be r^arded, in point of vitality, as inferior to the 
rest of the celL 

Protophism itself is an nnstable albuminoid compound* 
wMch is insoluble in water and coagulates at death. As 
Tisnally met with, it is a homogeneous structureless 
material, of a soft and viscid consistence. In con- 
sistence, however, it is subject to variations, being some- 
times perfectly fluid, at others more or less solid and 
gelatinous. In old cells it often becomes transformed, 
bv the loss of water, into a more solid albuminoid sub- 
stance— Z:era/i?i. This occurs in the epidermis and naiL 
Protoplasm may also become gradually converted into 
other modifications of the protein group — into mucin, 
globulin, haemoglobin, <fec. The cell-wall, when it exists, 
is of much firmer consistence than the protoplasm. In 
some cells the protoplasm constitutes but a small propor- 
tion of the body of the cell, other substances, which are 
either the result of its metamorphosis, or have been taten 
up from without, being associated with it. Thus fat is 



• Dr. Beale calls the protoplasm, fftrminal matter or ViopUum; 
the ceU-VTB^^y^pr/naef ffuUeria/, 
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met with in the cells of adipose tissue, and of the liver. 
(See Fig. 6.) Pigment, calcareous particles, pepsine, &c., 
are also met with in cells. 

The nucleus is more constant both in size and form 
than the cell. It is usually spherical or oval in shape, 
and often contains one or more minute round or angular 
bodies, termed nucleoli. It offers a greater resistance to 
chemical reagents than the other constituents of the cell, 
and in disease often remains after these have been 
destroyed. It is also stained more deeply by carmine. 

The original form of the nucleus is vesicular. In the 
earliest cells of embryonic tissue it possesses a delicate 
membrane enclosing a nucleolus and fluid contents, 
thus resembling in its structure the cell. Subsequently, 
however, it loses its vesicular character, and as usually 
met with it is a solid perfectly homogeneous, or faintly 
granular body, in which the nucleolus is still visible. 
The recognition of the nucleus is not always possible, 
owing to its presence being obscured by fat, pigment, or 
other substances contained within the cell (See Fig. 27). 
In some cells the nuclei gradually disappear. The coloured 
blood-cells and the cells of the superficial layers of the 
epidermis are examples of cells in which the original 
nucleus has become lost. Lastly, it must be mentioned, 
that several nuclei may be contained within the same 
cell. 

Physiology of Cells.— The cell, as already stated, is 
capable of absorbing and transforming matter, of excre- 
tion, and of growth. It is also endowed with the power of 
changing its form, of cohering with other cells, of under- 
going more or less active movement, and of reproduction. 
The question now arises as to what part is played by its 
respective constituents — whether the cell- wall, the body 
of the cell (protoplasm), and the nucleus have different 
offices. 

The cell-wall, being the result of a retrogressive change 
in the protoplasm, cannot be regarded as taking any 
part in the life of the cell, the activity of which is much 
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dimimhed by its existence, as is also its power of repro- 
dncing itself by simple division. It is in old cells that a 
ceD-wall is most frequently met with, in those newly 
formed it is entirely wanting. 

The nnclens has nsnally been looked npoo as the seat 
of the nutrition, as distinct from the specific fnnctions of 
cells, and has been supposed to play an important part 
io their multiplication and reproduction. The fact that 
when a cell divides, the division usually commences in 
the nucleus, and only subsequently takes place in the 
rest of the cell, would appear to favour this view; as 
would also the great uniformity of the nucleus both in 
size and form, whatever be the functional nature of the 
cell It must be borne in mind, however, that non- 
imcleated cells may multiply, and that nucleated cells 
have been observed to divide, the nucleus itself taking no 
part in the process. 

Whatever be the part played by the nucleus, there can 
he no doubt that the protoplasm is the most important 
factor of the cell, and it may itself be the only constituent. 
The spontaneous movements, alterations in form, and 
migratory powers characteristic of young cells, are due to 
the protoplasm. Such movements are observed in the 
cells of the embryo, in lymphoid and young epithelial 
cells, in some of the cells of connective tissue, and in 
white blood and pus cells. 

The protoplasm, as already stated, maybe the sole seat 
of the nutritive and formative power of the cell. It would 
appear, however, probable that it is more especially con- 
cerned in the performance of function, and that the specific 
functional peculiarities of cells are dependent rather upon 
it than upon their other constituents. The volume and 
consistence of the protoplasm vary in different cells, and 
in the same cell, at different times and imder different 
circumstances. It is apparently capable of imbibing and 
givinsT up fluids, at the same time undergoing corre- 
sponding alterations in volume. These considetatiOTv^ 
render it probable that it ia the seat of the ae\ee\jVi^ 
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power of the cell, and of those other properties ^ 

represent ita specific functions. 

Genesis of Cblls. — The proposition of Virchow, 
every cell originates directly from a pre-existing cell, t 
the basis of the patholc^ of the present day. To Be 
however, mnat be ascribed the merit of havii^ first 
bliahed the cellular origin of the tissnes. 

The multiplication of cells may take place in three 
—by simple divieion, by gemination, and by endog< 
growth. In the first two methods the cell breaks up 
fragments; in the last, new cells originate withii 
parent cell. The process is obvionsly associated 
growth and increase of the protoplasm. 

The mnltiphcation by simple division is the mor 
qnent method. The cell divides and forms two cells 
each of these again divides and forme two more, a 
on. In nncleated cells the nucleus as a rule divides 
The nncleos, however, may divide and multiply n 
Fio. 2. 




A MulUfoaUiOta Cell. From the lung in « case 
of Chronic Fhthiaia Showing the liu^ numher 
of nnclei with bright nucleoli. > 400. 
the cell without any division of the cell taking 
Jftbenaidei midtiply within the cell, anitbe^votoi 
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continuously increase without subsequent division of the 
cell taking place, large, many-nucleated, irregular-shaped 
masses of protoplasm are produced. These are the giant or 
myeloid cells, which are met with in the medulla of young 
bone, in some new formations, and in certain inflamma- 
tory growths. (Fig. 2.) (See also " Myeloid Sarcoma,*' 
Fig. 50.) The existence of a dense cell-wall interferes 
with the process of multiplication by simple division. 

By endogenous multiplication is understood the de- 
velopment of cells within pre-existing cells. The multi- 
plication of the cells of cartilage, such as occurs in the 
growth of bone and in the process of inflammation, has 
been adduced as an example of this mode of cell formation. 
Here, however, we have simply the division of the carti- 
lage cell within its capsule, and the process is precisely 
similar to multiplication by simple division (See Fig. 83 d). 
The mode of cell formation which must be regarded as 
strictly endogenous, is what is now commonly known as 
Vacuolation. This was described some time ago by 
Virchow in his " Cellular Pathology ;" and owing to the 
more recent researches of Klein and others, it now occu- 
pies an important place in the history of cell development. 
The process consists in the formation of a vacuole in the 
body of the cell. This vacuole may gradually increase in 
size until it occupies nearly the whole of the cell, being 
merely surrounded by a thin layer of protoplasm, in 
which may often be seen the displaced nucleus (Fig. 3, 6). 
Within this vacuole one or more new elements are formed. 
These either originate from the nucleus of the cell, or they 
are produced from the protoplasm which forms the wall of 
the vacuole. In the latter case, according to Dr. Klein, 
buds grow out from the protoplasmic wall towards the 
interior of the vacuole, and these becoming detached form 
new cells.* A vacuolated cell with an endogenous brood 



♦ "The Anatomy of the Lymphatic System," vol. i. pp. 65 — 60; 
tnd Klein on " Endothelial vesicles of growing blood-vessels in the 
embryo chick." " Sitziiugberichte der Wiener k. Academie d. Wis- 
acenschaften," Fart for March, 1871. 
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is shown in the accompanying drawing (Fig. 3), for whi- 

I am indebted to the observer just qnoted. It mnai 

however, be remembered, in forming any conclusion as 

the origin of small cells within a larger cell, that th^ 

exists the possibility that these may have entered hem 

without. 

Fig. 3. 




A Vactwlated CelL a. Protoplasm of cell consti- 
tuting wall of the vacuole. 6. Displaced nuclei 
c. The vacuole, d. Drop of fat. c Endogenous 
brood. (Klein.) 

The endogenous mode of cell formation is not that b; 
which tissues regenerate themselves. This is usnall; 
effected by simple division. Elements which have a^ 
endogenous origin have commonly a destiny different firoi 
that of the parent cell. 

In multiplication by gemmation, a small portion of th 
protoplasm projects from the cell and becomes detache 
by constriction at its base, thus forming a new cell. Thi 
is much less frequent than the two former processes.* 



* The author wishes it to be distinctly understood, that in tl 
subsequent pages the term "ceW" is employed to designate th 
most elementary factor of the tissues which is capable of exhibitin 
the phenomena characteristic of an independent organism, quit 
irrespectively of the existence of a cell- wall, or even of a nucleus. 



CHAPTER II. 

NUTRITION ARRESTED. 

iSE absolute and permanent arrest of nutrition consti- 
tntes local or systemic death. Under this head are in- 
cluded the three following processes : — 

1. General or Systemic Death, — In this, the arrest is 
general; the nutritive processes cease throughout the 
whole body. 

2. Gangrene or Necrosis. — The arrest is local, and con- 
fined to a particular part, which, when dead, retains to 
a greater or less extent its external form and anatomical 
characters. 

3. Molecular Death or Necrohiosts. — The arrest is also 
local, but usually results from a previous gradual impair- 
ment of the nutritive processes, which ultimately entirely 
cease in some of the histological elements. The dead 
part is a granular debris in which all trace of the original 
structure is lost. This will be considered under " Atrophy 
and Degeneration." 

GANGRENE OR NECROSIS. 

Gangrene or Necrosis is the complete and permanent 

arrest of nutrition in a part — occurring for the most part 

more or less suddenly — which, when dead, retains to a 

greater or less extent its external form and anatomical 

structure. The series of processes by which this is 

brought about is called Mortification j the dead tissue — a 

Sphacelus or Slough. In bone the process is called 

Necrosis f the result — a Sequestrum. 

The arrest of nutrition is foDowed by the comp\ei\^ 
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cessation of all the evidences of life both functional and 
physical ; and the part thus removed from the influence of 
the " vital forces " undergoes those chemical and physical 
changes which are common to inanimate organic matter. 
The extent of these changes and the rapidity with which 
they take place, will vary considerably according to the 
nature of the surrounding media, and to the amount of 
blood and fluids contained in the part. When the gan- 
grene is due to, or associated with, venous obstruction, 
and the return of blood and absorption of fluids are thus 
interfered with, the decomposition of the dead tissue, if 
exposed to the air, proceeds rapidly. In a limb, for 
example, the coldness and the paralysis of motion and 
sensation, which are amongst the earliest signs of the 
cessation of life, are followed by the transudation of the 
liquor sanguinis from the blood-vessels, and, evaporation 
being to a great extent hindered by the epidermis, the 
transuded and accumulated liquids often fcfrm large bullsd 
on the surface. As decomposition proceeds, gases are 
generated in the part— principally sulphuretted hydrogen, 
ammonia, nitrogen, and carbonic acid. These give rise to 
the emphysematous crackling which is so often associated 
with the gangrenous process. The tissues at the same 
time undergo a process of softening or liquefaction, the 
limb becomes exceedingly offensive, and, owing to altera- 
tions in the transuded hsBmoglobin, changes from a reddish 
colour to a brownish or greenish black: — this is Moist 
Gangrene, In those cases, on the other hand, in which 
the gangrene is associated with obstruction of the main 
arteries, as in senile gangrene, in the gangrene due to 
embolism, and in that induced by ergot of rye, there is no 
accumulation of blood or fluids in the part, so that de- 
composition proceeds much less rapidly than in the 
preceding, and the dead tissue may gradually dry up and 
become converted into a black shrunken mass, which 
undergoes but little further change : — this constitutes 
Dry Gangrene or Mummification, 
The characters of the dead part vary with its structure, 
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tta nacnhnty, the cause of the eaogzene, the 

of the process, and the possibility of the access of atmo- 

spheric air. The more Tascolar the tiasae, the softer ita 

stroctare, and the more it is exposed to the atmosphere, 

the more rapidly and completely does it undergo decom* 

position. Bone, cartih^, and tendcms, which are firm 

liard tisanes, containing comparatively but few Tessels, 

undeEgo Tery little alteration in stmctnre and form; 

whereas softer parts are much more rapidly and oom- 

pletely destroyed. 

The occurrence of decomposition manifests itself in the 
first place in the blood contained in the part : this £cid 
undergoes the earliest and most rapid change. The 
haemoglobin escapes from the red corpuscles, partly by 
exudation, and partly by the destruction of the oor- 
pOBcles themselves, and dissolved in the liquor sanguinis 
permeates the surrounding tissues. The corpuscles are 
ultimately completely annihilated, nothing remaining bat 
a few minute grannies. 

The staining of the tissues with haemoglolnn is com- 
monly known as post mortem ftainin^j, and the appear- 
ances it presents are very characteristic. All the tissues 
niay be more or less affected, but the lining membrane of 
the heart and large blood-vessels, being in immediate 
contact with the blood after death, are naturally more so 
than other parts. The staining is of an uniform pinkish- 
red colour, thus differing from the punctiform and strati- 
forin redness of hyperaemia, from which • it must be 
carefully disting^uished. The amount of staining is in 
proportion to the rapidity with which decomposition has 
taken place, and to the amount of blood contained in the 
part at the time of death. 

RiCrOR Mortis. — In muscle the arrest of nutrition is 
accompanied by a state of rigidity, known as the iLlnor 
Mortis. This is a peculiar condition of the muscles o'd- 
served in almost all bodies after death, in which they be- 
come firm and somewhat shortened, as though in a staXe 
of chronic contraction. It cornea on as soon ab the mii^tUfca 
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have lost their irritabilitj, i.e. their capability of respond- 
ing to artificial stimnlation ; in other words, as soon as the 
nntritive processes have completely ceased. The time of 
its appearance will therefore depend npon the state oT 
nutrition of the mnscles at the time of death ; the more 
healthy and vigorous this is, the longer it is before the 
nntritive processes completely cease, and consequently thd 
longer it is before the rigor mortis supervenes. The 
length of its duration and its intensity are in direct pro- 
portion to the lateness of its appearance. In people, for 
example, who are in perfect he^th, and die suddenly, as 
from accident, the rigor mortis does not usually come on 
until from ten to twenty-four hours after death ; it is very 
marked, and often lasts two or three days. In those, on 
the other hand, who die from some exhausting disease, as 
from chronic phthisis or the adynamic fevers, in which the 
nutrition of the muscles becomes much impaired, the rigor 
mortis appears very soon, sometimes as early as ten 
minutes after death ; it is very slight and may pass off in 
less than an hour. It has been said that in cases of death 
from poisoning by carbonic acid and sulphuretted hydro- 
gen, from lightning, and from some of the severer forms of 
the adynamic fevers, the rigor mortis is entirely absent. 
It is doubtful, however, if this is the case, as the rigor 
moi-tis has probably escaped observation, owing to its 
early supervention and rapid disappearance. As soon as 
the rigor mortis has passed off, decomposition of the 
muscular tissue commences. 

The rigor mortis occurs not only as the result of syste- 
mic and local death, but it may also be induced artificially 
by temporarily arresting the nutrition of the muscle. If 
the supply of blood to a muscle be cut off by the applica- 
tion of a ligature to the artery supplying it, it quickly 
passes into a condition which is indistinguishable from 
the rigor mortis. If the ligature be removed sufficiently 
early, this disappears, and the vitality of the muscle is 
restored. 

With regard to the nature of the change — ^it was for- 
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lerly supposed to be a spontaneous contraction, the last 
<jt of vitality on the part of the muscle. More recently, 
Lowever, Ktihne and others have shown that it is really 
wing to the coagulation of the albuminous substance 
tf the muscle — myolin. The myolin fluid, during life, 
oagulates when nutrition has ceased, the coagulation 
»eing attended by the liberation of a free acid. Thus is 
>roduced the firmness, hardness, and opacity of the 
nuscle, which disappear as soon as disintegration and 
lecomposition commence. The transverse striation of the 
Ibres then becomes indistinct, and gives place to irregular 
•ows of granules and fat molecules, the muscle softens, 
ts sarcolemma is destroyed, and ultimately nothing re- 
nains but a soft structureless debris. 

A similar coagulation takes place in the cells of plain 
nvoluntary muscle, and here also a rigor mortis occurs. 
[n the cells of all other tissues a coagulation of the proto- 
plasm occurs on the cessation of the nutritive processes ; 
she cells become cloudy and granular, and then break up 
uto molecules of various sizes. 

Respecting the disintegration of other tissues: — The 
3ells of adipose tissue rapidly diminish in size, owing to 
the escape of the fluid fat, which diff'ases itself throughout 
the surrounding structures. The fibres of connective 
tissue swell up, become opaqae, and ultimately liquefy. 
In nerve-fibres, the white substance of Schwann coagu- 
lates and collects into small drops (myolin) within the 
neurilemma. Cartilage and bone resist the necrotising 
process longer than any of the tissues and are the least 
altered by it. 

The termination of the gangrenous process varies. It 
may, after involving a greater or less extent of tissue, 
become arrested, and a "line of demarcation" form be- 
tween the dead and living parts {Circumscribed Gangrene) ; 
or the process may continue to extend without any such 
Eittempt at recovery {Diffuse Gangrene), When the pro- 
cess becomes arrested, the dead tissue — the sphaceVua ot 
Bkmgh — stcta as a foreign body, and as sucli Beta Tip 

c 
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inflammatory changes in tlie adjacent living stmcttire^^ 
and by this means it is nltimately removed or become^ 
encapsuled. The tissnes immediately sarronnding tbv 
necrosed part are thns in a state of inflammation, as ii 
evidenced in external structures by their swelled condi- 
tion, red colour, and high temperature. As the gangie- 
nous process ceases, Uie necrosed fragment becomtf 
limited by this line of inflamed tissue, which constitntei 
the **line of demarcation" between the dead and living 
parts. Along this line a process of ulceration and snp* 
puration takes place, and by means of this the dead mans 
is gradually separated from the surrounding structures. ^ 
The ultimate termination of the process depends prind- 
paJly upon the situation of the aflected part — if this be 
superficial, the slough is thrown off, as in external parts, 
the intestines, the pharynx, &c., an ulcerated surface 
being left. If the dead mass is deeply seated, its removal 
becomes possible only by the extension of the necrotising 
process to the surface, as is exemplified by the sponta- 
neous removal of necrosed bone through fistulous open- 
ings in the soft parts. In other cases the inflammatory 
process which takes place in the tissues surrounding the 
dead part is less intense, and the formation of pus is less 
abundant, and is soon followed by that of connective 
tissue, a layer of which is ultimately formed around the 
necrosed mass by which it becomes encapsuled. This 
occurs especially in internal parts. Examples of it are 
furnished by foreign bodies, haBmorrhagic infarcts, accu- 
mulated epithelial products, portions of necrosed bone, 
and a foetus in the abdominal cavity, all of which may 
thus become surrounded by a layer of connective tissue. 
The part when thus encapsuled is usually rendered inert, 
and no longer acts as an irritant to the tissues in which 
it lies ; it undergoes a gradual process of absorption and 
drjring up, and often becomes calcified. 

Causes. — The causes of gangrene may be divided into 
those which interfere with the supply of nutritive mate- 
rial, and those which directly destroy the vitality of the 
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all cases in which gangrene is associated with venous 
obstruction it is of the tnoist variety. 

4. Diminuhed Cardiac Power, — This is never inde- 
pendently a cause of gangrene. In cases, however, of 
excessive general debility or disease of the cardiac sub- 
stance, the consequent diminution in the contractile 
power of the heart materially aids the foregoing canses 
in producing a fatal blood-stasis. The arrest of the cir- 
culation in " senile gangrene," and that which so oftei 
occurs in the tissues of the back in adynamic fevers and 
in chronic exhausting diseases, is in part the result of 
diminished cardiac power. This arrest in the last-named 
conditions, is usually determined by some injurious 
stimulation of the tissue — ^in other words, it is a part of 
an inflammatory process. 

5. Inflamrtiation. — ^The effect of the inflammatory pro- 
cess is to impede or arrest the circulation, and to impair 
the vitality of the affected part, and the intensity of the 
process may be so great as to permanently arrest the 
circulation and cause gangrene. Gangrene from inflam- 
mation has been called inflammaiory, acute, or hot gan- 
grene. It is always of the moist variety, and is charac- 
terised by the heat, swelling, tension, and redness of the 
affected part, which quickly becomes flaccid, cold, of a 
greenish-black colour, and exhales an offensive odour. 
Certain inflammations have a special tendency to termi- 
nate in gangrene, as diphtheria, erysipelas, carbuncle, 
and " hospital gangrene." In these conditions the gan- 
grenous tendency is probably due to some alteration of 
the blood, possibly to the presence of minute organisms. 
In all cases, the more impaired the nutrition of the part 
which becomes the seat of an inflammatory process, the 
more likely is this to cause its death. 

B. Destruction of the vitality of the histological ele- 
ments may be caused by : — 

1. Mechanical Agencies. — Under this head are included 
external violence, heat, cold, and corrosive substances, all 
of which, by directly and completely destroying vitality. 
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nay be causes of gangrene. In most cases, however, 
his result is preceded by more or less inflammation. 

2. Poisons introduced into the Circulation. — Phosphorus 
nd ergot of rye are the most important of these. The 
ecrosis of the jaw which results from phosphorus ap- 
pears, however, to be owing to the direct contact of the 
hosphorus with the bone, and the gangrene of the ex- 
remities which sometimes follows the long-continued 
igestion of ergot, is probably due to that contraction of 
be small arteries which this substance produces. 

Senile Gangrene. — This is a form of mortification 
'hich affects especially the lower extremities of old 
eople, and is the result of several of those conditions which 
ave already been enumerated as causes of gangrene. 

The most important element in the production of senile 
angrene consists in the occurrence of atheromatous or 
ilcareons changes in the arteries of the limb, in conse- 
aence of which the circulation in it becomes impeded and 
;s vitality impaired. This is evidenced by the coldness 
f the feet, the cramps, and the other abnormal sen sa- 
lons which are so often experienced by the patient some 
ime before the gangrene sets in. This tendency to local 
bagnation of the circulation is usually materially in- 
reased by the simultaneous atrophy or degeneration of 
be muscular substance of the heart itself. The combined 
ffect of the diminished vis a tergo and of the arterial 
Legeneration may, in some cases, be alone sufficient to 
ause arrest of the circulation and the formation of 
hrombi in the vessels of the limb, and thus to cause 
gangrene. The supervention of the gangrene, however, 
9 usually determined by some injurious stimulation of 
he tissue, as a slight abrasion of the foot, a bruise, injury 
o a corn, or excess of heat or cold, which sets up in- 
lammation in the already weakened part, and thus by 
;till further obstructing the circulation in it, and impair- 
ng its vitality, causes its death. Senile gangrene, being 
issociated with arterial obstruction, is usually of the dry 
irariety. 



CHAPTER III. 

NUTRITION IMPAIRED. j 

It has been seen in the preceding chapter that the al)flO' 
lute arrest of nutrition is followed by the complete cessa- 
tion of all manifestations of vitality and function, con- 
stituting local or systemic death. Those conditions mtist 
now be considered in which the interference with nutri- 
tion, for the most part, falls short of absolute arrest, and 
in which, although vitality is impaired, death is only an 
occasional sequence. Such conditions are compriBed 
under " Atrophy," and " Degeneration." 

ATROPHY. 

Atrophy is a diminution in the amount of a tissue, 
owing either to diminution in the size, or diminution in 
the number, of the histological elements of which it is 
composed. It is attended by loss of weight, and impair- 
ment of function. 

When the elements are diminished in size only, it is 
called Simple Atrophy ; when the number is diminished, 
it is called Numerical Atrophy., These two varieties are 
often associated, being different stages of the same pro- 
cess : simple atrophy may, however, exist without nume- 
rical atrophy, but numerical never exists without simple. 

I. Simple Atrophy. — Simple diminution in the size of 
the elements of a tissue is by far the most common con- 
dition met with in atrophy. It is well exemplified by 
what takes place in ordinary emaciation, in which the fat 
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^radoally disappaara from the snbcntaneous adipose 
tiBsne. Adipose tissue ia merely common, connective 
tissue, many cells of which are distended with fat. When 
a person emaciates, the iat is gradually removed from the 
cells, so that they diminish in size, and the fat which 
completely tilled the cell may be reduced to a, few isolated 
drops : the cell-wall aud nnclens at the same time often 
become distinctly visible (Fig. 4). Here there is no de- 
struction of the cells, no diminution in their number, but 
simply the removal of some of their contents. As the fat 
is removed from the cells it is often partially replaced by 
a serous fluid. 




AdipoK tittue. A. N'onoBl. B. Atrophic, from a eaae of 
pbthiBie. a. A BiDgle fat-cell with cell-WBll, nucleus, uid 
drop of fat. X 300. (Virchow.) 

This diminution in the size of the elements may take 
placa in any tissue. The cells of all glandular oi^;ans 
may thus become atrophied, and so produce a diminution 
in the size of the whole oi^aji ; this is constantly met 
with in the liver, kidneys, mammary gland, spleen, 
testicles, lymphatic glands, and other parts. Muscular 
tissue in the same way atrophies by the diminution, in the 
size of its primitive fasciculi: this is seen in the heart 
and in the voluntary muscles. In all these cases the 
elements remain almost unchanged, and hence all that 
is necessary for the restitution of the tissue ii 
in their nutritive aotivitj, and the assimilatiau. of c 
matenaJL 
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II. Numerical Atrophy. — This is an advanced stage 
of the former process : the elements are not only dimi- 
nished in size, but some of them have actually perished 
and ceased to exist as vital agents. 

This destruction of histological elements which occut 
both in atrophy and in some forms of degeneration — and 
is called by Virchow, Necrobiosis — ^must be distinguished 
from the death of circumscribed portions of tissue whidb 
constitutes gangrene and necrosis. The two processet 
resemble one another in so far as death is common to 
both of them. In Necrobiosis, however, the change is a 
molecular one ; there is a gradual exhaustion of vital 
power, a molecular disintegration and destruction of 
elements, so that at the termination of the process all 
that remains is a granular debris, in which but little or 
no trace of the former structure of the part can be dis- 
covered. The death and desquamation of the superficial 
layers of the epidermis is a well-known example of this 
molecular change. Gangrene^ on the other hand, affects 
circumscribed tracts of tissue, and is the result of some 
sudden arrest of nutrition, as distinguished from the 
gradual exhaustion of vital power. Death is more sud- 
denly induced, and a necrosed mass remains at the ter- 
mination of the process in such a condition that the 
structure of the part can usually be recognised. Nume- 
rical atrophy is thus of much graver import than that in 
which the elements continue to exist as such. In it, 
restitution is only possible by the production of new 
elements, whereas in simple atrophy, repair can be 
effected without new formation. 

Atrophy may be general — affecting to a greater or 
less extent all the organs and tissues of the body, or it 
may be ^partial and limited to particular parts. General 
atrophy is usually simple, and is rarely accompanied by 
destruction of elements. It affects in the first place the 
subcutaneous adipose tissue, then the adipose tissue in 
other situations, as that surrounding the viscera and in 



ATROPHY. 25 

tlie omentum, then the mnscles and glandnlar organs, and 
lastly the nervons and osseous structures. 

Although atrophy in its strict signification consists 
simply in a diminution in the size or in the number of 
the component elements of a tissue, it is rarely a perfectly 
simple process, hut is usually associated with more or less 
fatty degeneration. This is owing to the fact that when- 
ever the nutrition of a part is so much interfered with as 
to cause it to atrophy, it is very prone to undergo fatty 
changes ; and it will be seen when speaking of " fatty 
degeneration," that this process owes its origin to causes 
similar to those which produce atrophy itself. 

Causes. — In speaking of the causes of atrophy, it will 
be necessary to distinguish between those which act upon 
the tissues generally, and those wliich have merely a local 
influence. 

General Atrophy may be caused by : — 

1. Deficient supply of Nutritive Material. — ^Whatever 
interferes with the supply of nutritive material to the 
tissues will be followed by their atrophy. Deficient 
supply of food; obstruction to the passage of the food 
into the stomach or intestines, as in stricture of the 
CBSophagus or pylorus; the mal-assimilation which re- 
sults from the various conditions giving rise to dys- 
pepsia; interference with the absorption of the chyle, 
from obstruction of the thoracic duct, or disease of 
the mesenteric glands constituting the so-called " tabes 
mesenterica;" may all in this manner be causes of 
general atrophy. 

2. Excessive Waste. — All those conditions which are 
attended by the loss of large quantities of nutritive 
material, may be causes of general atrophy. Such con- 
ditions are furnished by continuous haBmorrhages, profuse 
and long-continued suppuration such as often occurs in 
caries and empyema, diarrhoea, and the excretion of large 
quantities of albumen or sugar as in Bright's disease or 
diabetes. The waste resulting from the increased ^ivaau^- 
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change whicli accompanies acnte febrile diseases, most 
also be inclnded under this head. 

3. Impaired Nutritive Activity. — ^This constitutes an 
important element in the production of the atrophy of 
old age, — senile atro'phy. As life advances, the vitality of 
the elements gradually diminishes, their ability to separate 
nutritive material from the blood and to assimilate it for 
their own maintenance becomes less and less, and henoe 
they gradually atrophy, and ultimately all manifestatioiu 
of their vitality cease. 

Although general atrophy may thus be referred to one 
of the foregoing causes, it is rarely a simple process, but 
usually depends upon the combined influence of two or 
more of them. The atrophy associated with pulmonary 
phthisis, for example, residts partly from the loss of 
nutritive material in the profuse expectoration and 
diarrhoea, partly from the deficient supply consequent 
upon the imperfect oxidation of the blood and upon the 
interference with assimilation which is so often caused 
by structural changes in the stomach and intestines, 
and partly from the increased tissue-change. In senile 
atrophy, again, in addition to the general diminution of 
nutritive activity, there is frequently some condition of 
the digestive organs interfering with assimUation which 
materially aids in producing the ultimate result. The 
atrophy which accompanies the acute febrile diseases is 
by no means a simple process, increased tissue-change, 
loss of appetite, and interference with assimilation being 
all component parts of it. 

Partial Atrophy may be caused by : — 

1. Imperfect supply of Blood* — The effect of interfering 
with the supply of blood to a part will depend upon the 
extent of the interference. If it be entirely cut off the 
part will die (See " Gangrene"), if merely diminished it 
will atrophy. 

Diminished supply of arterial blood is a common cause 
of atrophy, and may be brought about in various ways. 
The nutrient vessels may be obstructed by pressure exer- 
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either on acconnt of ancbylosis, or of chronic diseases 
the bones or joints. 

After the establishment of an artificial anus, the li 
part of the intestine atrophies, and becomes convertecK 
into a fibro-cellular cord. 

Boues in the same manner atrophy from want of use* 
After the amputation of a limb, the cut end of the boD© 
atrophies ; and atrophy of the orbit follows extirpation of 
ths eyeball. 

Interference with the function of nerves is also followei 
by their atrophy. This is seen in the atrophy of the 
optic nerve, which often follows destruction of the eye, 
and also in the atrophy of the nerves of a limb whioh 
has long been incapable of action. 

3. Increased Functional Activity. — This may in quite 
exceptional cases be a cause of atrophy ; much more com- 
monly, however, it is a cause of hypei-trophy. Certain 
glands sometimes atrophy from excessive use, especially 
the testicle. 

4. The Action of Special Substances, — Certain stib- 
staiices administered internally appear to be capable of 
producing atrophy. Iodine, bromine, mercury, lead, and 
the alkalies, may be enumerated amongst the most im- 
portant of these. Iodine and mercury exercise a special 
influence upon the lymphatic system, and bromine upon 
the organs of generation. 

5. Nervous Influence. — Respecting the influence of the 
nervous system as a direct cause of atrophy, little is cer- 
tainly known. That atrophy is a frequent sequence of 
changes in the nerve-trunks and nervous centres, there 
can be no doubt ; but it is probably in most cases to be 
attributed to an indirect influer^ce. The atrophy of 
muscles, for example, which have become paralysed from 
lesions in the brain or spinal cord, is usually rather the 
result of the consequent interference with their function, 
than of any direct influence upon their nutrition. The 
very rapid atrophy of muscles, however, which follows 
certain alterations in the nervous centres and injuries of 
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posed may suffer ; some, however, do so more than others. 
The fibrous constituents are the last to atrophy, hence 
the firmness, toughness, and loss of elasticity so commonly 
met with in the atrophied parts. In glandular organs, 
the secreting cells are usually the first to show signs of 
atrophy ; they become smaller, and are often finely gra- 
nular, from the presence of molecular fat ; the vessels and 
nerves also share in the wasting process. In the sub- 
cutaneous cellular tissue, the fat is gradually removed 
from the cells, which thus diminish in size. In muscles 
the primitive fasciculi become smaller, and their trans- 
verse strisB gradually disappear ; ultimately the whole of 
the contents of the sarcolemma may be entirely removed, 
and nothing remain but the connective tissue. This pro- 
cess is usually accompanied by more or less fatty degene- 
ration of the muscular fibres, and in some cases by the 
development of fat between the fasciculi (See " Fatty 
Infiltration of Muscle.'*) 

ATHOPHY OP BONE. 

Atrophy of bone is always attended by a diminution in 
weight, but not always by a diminution in size. It is 
met with in two forms. In one, the compact and can- 
cellous tissue gradually become absorbed, the medullary 
canal diminishes in size, and the whole bone thus be- 
comes smaller. This is known as concentric atrophy. lb 
is met with especially in the long bones, in cases of long- 
standing anchylosis, dislocations, or paralysis. 

In the other variety of atrophy there is no diminution 
in the size of the bone, but merely a gradual conversion 
of compact into cancellous tissue. The whole bone thus 
becomes rarefied, and it is exceedingly light and brittle, 
so that it fractures with great facility. This, in contra- 
distinction to the former variety, is known as eccentric 
atrophy. It is usually met with as a senile change, and 
is in most cases accompanied by more or less fatty 
degeneration. 
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PULMONARY VESICULAR EMPHYSEMA. 

This appears to be the proper place to describe the 
changes met with in the Inngs in emphysema, inasmuch 
as these changes are characterised mainly by atrophy of 
the walls of the air-vesicles. 

Emphysema consists essentially in a permanent en- 
largement of the infundibnla and air- vesicles in larger or 
smaller areas of the Inngs. The dilatation appears 
usnally to commence in the infundibulnm, and to ex- 
tend from this to the air-vesicles which open into it, so 
that ultimately the whole may be thrown into one large 
cavity. As the process proceeds, communications are 
established between adjacent groups of air- vesicles, and 
thus cavities of still larger area are produced. 

Atrophous Emphysema, — The more minute histological 
changes which accompany emphysema vary somewhat in 
different varieties of the disease. In that form of emphy- 
sema which occurs in old people, and which is essentially 
a senile change, the alterations in the walls of the air- 
vesicles consist simply of atrophy of the several struc- 
tures of which they are composed : — ^hence the term 
(Urophoris or small-lvrnged emphysema, which is applied 
by Sir W. Jenner to this variety of the disease. The air- 
vesicles may not be much increased in size, but several of 
them are thrown into one, ttheir walls are considerably 
thinner than natural, the connective tissue, elastic tissue, 
and blood-vessels all having apparently shared in the 
wasting process. There is usually also an abnormal 
amount of pigmentation. Such lungs are smaller than 
naturul, and quickly collapse when the thorax is opened. 

Hypertrophous Emphysema, — In the other important 
variety of emphysema the lungs are increased in size, so 
that they often bulge forwards when the thorax is opened, 
and in contradistinction to the former variety, certain 
constituents of the lung-tissue appear to be increased in 
amount, inasmuch as the lungs are less crepitant, Qun.^ 
feel eomewhat denser and tougher than natural. T\na 
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is described by Sir W. Jenner as hypertrophoua or large" 
lnufjnd emphysema. 

AVhen such lungs are examined microscopically, it will 
be found that the dilatation of the air- vesicles is mom 
marked than in atrophous emphysema, although less 
gijnerul in itd distribution. The atrophic changes also do 
not affect equally the various tissues which make up the 
alveolar walls. The elastic fibres appear to be more 
especially wasted, whilst, according to some observers, 
the connective tissue is increased. I have been unable to 
discover any marked increase of the connective tissue in 
the alveolar walls, although an increase of this tissue is 
often to be seen around the smaller interlobular blood- 
vessels and bronchi. The capillary blood-vessels which 
are distributed on the walls of the air-vesicles are atro- 
phied and diminished in calibre, owing to the stretching 
and pressure which result from the vesicular dilatation, 
whilst the larger interlobular vessels are often found 
thickened and distended with blood. In some cases 
there is more or less fatty degeneration of the epi- 
thelium, and usually an abnormal pigmentation of the 
lung. 

Etiology. — It would be beyond the scope of the present 
work to discuss the various theories which have been pro- 
pounded to account for the development of emphysema. 
It is, however, obvious that all conditions which increase 
the pressure on the inside of the air-vesicles, or damage 
the resisting powers of their walls, may be causes of per- 
manent vesicular dilatation. 

Increased pressure on the inside of the air- vesicles may 
result from — 

1st. Violent expiratory efforts with closed glottis, 
such as occur during the act of coughing, blowing wind 
instruments, violent muscular exertion, &c. Those parts 
of the lungs which are least supported will be over- 
distended. This is the expiratory theory of Jenner. 

2nd. Certain portions of the lungs being incapable of 
expansion, owing to collapse, consolidation, asthmatic 



i 



DEGENERATION. 33 

spasm, &c. There will be excessive tension in those parts 
into which the air can enter. 

Impairment of the resisting power of the air-vesicles 
may result from — 

Ist. The loss of elasticity and atrophy which is a com- 
comitant of old age. This is the most important element 
in the causation of atrophous emphysema. 

2nd. The atrophy of the air- vesicles resulting from that 
.^retching of their walls and obliteration of their blood- 
vessels which is caused by their over-distension from 
increased pressure exercised upon their inner surface. 

3rd. Damage to the walls of the air-vesicles, which 
probably in certain cases results from previous attacks of 
pulmonary inflammation, or from some interference with 
their nutrition due to mode of life or to other causes. 



Degeneration. 

The " Degenerations" include a class of morbid pro- 
cesses which are characterised by an alteration in the 
quality of the tissues, and which, like atrophy, are at- 
tended by impairment of function, and often by annihila- 
tion of histological elements. 

The alteration in the quality of the tissue results either 
from its direct metamorphosis into a new material, or 
horn its infiltration with some substance which has been 
conveyed to it from without. 

Atrophy and degeneration thus so far resemble one 
another, tiiat in both processes nutrition is impaired and 
function interfered with. In atrophy, however, as pointed 
out by Virchow, nutrition is simply altered in quantity, 
the waste of the tissue is in excess of the assimilation of 
new material, and consequently, there is a diminution in 
the amount of the tissue and an impairment of its func- 
tional powers, in degeneration, on the other hand, 
nutrition is altered in quality, a new substance exi&\.^ m 
the tissues, which either origmates in the tissue it&e\i, ox 

l> 
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infiltrates it from without ; thb is attended hj i 
ment of the vitality and functions of the elemc 
which the tissue is composed, resulting either frc 
presence of the new material, or dependent up< 
same conditions as those which give rise to its forn 

Causes. — Of the causes of the Degenerations as a 
but little can be said, the various forms depending : 
most part upon different conditions. These will 1 
scribed under their respective heads. 

The Degenerations may be divided into two cla 
the Metamorphoses and the Infiltrations, 

1. The Metamorphoses. — ^These are characterif 
the direct metamorphosis of the albuminoid consti 
of the tissues into a new material. This is usua 
lowed by the destruction of the histological elemeo 
the softeniog of the intercellular substance, so thj 
mately all trace of structure may be lost, and h 
be completely arrested. The Metamorphoses i 
Fatty, Mucoid, and Colloid Degeneration. 

2. The Infiltbations. — These differ from the 
morphoses inasmuch as the new material which ei 
the tissues is not derived, from their albuminoi 
stituents, but is deposited in them from the 
there is an infiltration and deposition of a ne^ 
stance. This is rarely followed by destruction 
histological elements, or by softening of the inten 
substance ; hence the structure of the tissue is 
less altered than in the Metamorphoses, and func 
usually much less interfered with. The infilt 
include Fatty, Amyloid, Calcareous, and Pigm 
Infiltration. 
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FATTY DEGENERATION. 

Br Patty Degeneration is nsually understood the replace- 
Bient of the normal constituents of the tissues by mole- 
cules, or drops of fat. An accumulation of fat in the 
tiasnes occurs, however, under very different circum- 
stances, and under the general term of " fatty degenera- 
tion" are included different pathological processes. Before 
proceeding to describe these processes and the histological 
ehanges which they produce, it will be well to consider, 
in the first place, the sources from which the fat met with 
in the body is derived ; and secondly, the circumstances 
nnder which it may accumulate so as to constitute a 
morbid process. 

General Pathohgy of Fatty Degeneration, — ^The chief 
souroe of the fat met with in the body is the oleaginous 
constituents of the food. A portion of these are stored 
up in the cells of certain tissues, to be utilised as pro- 
ducers of force and heat when the requirements of the 
system may demand it. The cells of adipose tissue, and, 
to a less extent, those of the liver, thus serve as physio- 
logical reservoirs for fat. 

The other sources from which fat may be derived is 
firom saccharine and albuminous principles. The albu- 
minous principles in the process of nutrition undergo de- 
composition, and the products of their decomposition 
contain a certain amount of fat. This is usually com- 
pletely removed by oxidation, but under certain circum- 
stances the oxidation is incomplete, and the fat accumu- 
lates in the cells of the tlssae. 

3)2 



36 NTJTEmOH IMPAIEED. 

Id coundering the circmustaneea ander whicb. bh ucc 

malation of fat in. the tiasnee maj constitute a. morba 
procesB, it is to be remarked that it often becomes eicHC 
iii(;ly difficnlt here to draw any sharp line of demarcatW' 
between health and disease. This is especially the (M' 
when the accamolation of &t is excessive in sjtnatioii 
where fat is normally met with. When it occdts in >b 
normal sitoationa, tbe morbid nature of the procesai 
evident 

An accnmnlation of fat in the tissnes may occnr eo * 
to constitnte a morbid process tinder the four foUowin 
conditions : — 

1st. When the food contains an excess of fat, or < 
substances capable of becoming converted into fe 
Under snoh circnmstancestheoiygen taken into the boi 
is insufficient to oxidise the excess, and it conaeqoent 
Bccumnlatea in the cells. 

An accumulation of fat from this canae occnre aa 
physiological process in the growth of adipose tisai 
Adipose tissne is a connective tisane containtngnnmeni 
cells which are distended with fat. The growth 
this tissue thus consists simply in the fatty iofiltrati 
of more ot these telle. {Fig. 5.) If this be excess; 
it constitutes obeaity. The temporary accumulation 
fat in the liver during the digestion of an aliment r; 
in fatty substances is another example of this kind 
deposition. This will be described when speaking of 1 
" fatty liver." If the amount of fat be very great it m 
accumulate, not only in normal situations, but also 
tissues where fat ia not naoally met with, and in b( 
cases the accumulation wilt thus conatitute a morl 
process. 

2nd. When there is no snch excess of fatty substam 
in the food, bnt the processes of oxidation are so imp 
fectly performed, either locally or generally, that the 
contained in a natural diet is incompletely oxidised. 

3rd. When the fat which is Hbersted from the nit 
genous coDBtitnents of the food during the process 
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intritiaii does not undergo the complete oxidation wliieh 
it iboold, and bo lomains within the cells. 




mnbtion (j tat within tbe cells. 
(Bindflebch.) 

4th. When the fat which is liberated from the proto- 
plasm of cells during the process of nutrition is incom- 
pletelj oxidised, and so accnmnlateB in, and takes the 
place of, the protoplasm. Here there is a gradnal trans- 
formation of the protoplasm into fat, so that the cell is 
ultimately completely destroyed. 

Fatty degeneration in which there is this destmction of 
histological elements is one of the most common forms of 
the disease, and it will hereaJtor be more fnlly described 
as fatty tnetamorjikosis. Its nature was first pointed oat 
by Dr. Qnain in bis well-known researches on fatty d^e- 
neration of the heart.* Dr. Quain there stated that the 
fat met with in the mnscnlar fibres in this condition was 
the reaalt of a metamorphosis of the fibres themselves, 
and was not derived from without. The tmth of Dr. 
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Quain*8 teacbing has sbioe been Gonfirmed by the ex- 
perimental biTestigationB of Drs. Yoit and Baner. 

Voit and Bauer's inTestigationB were made with the 
object of determining the sonroe of the fat in that acute 
form of &tt J degeneration which is produced by poisoning 
with phoephoms, in which the degeneration is dne to the 
destmction of the red blood cells, and the oonseqnmt 
diminution in the oxidising power of the blood.* They 
gave phosphoms to dogs which had for some days pre- 
viously been starved, so that any fat which might be 
present in the tissues after death could not have been de- 
rived either from the food or from the adipose tissue of 
the animals. The phosphorus produced very extensive 
and general fatty degeneration, and the fat must obvi- 
ously have arisen from the protoplasm of the cells. Yoit 
concludes from these investigations — Ist. That the trans- 
formation of albumen which takes place in cells is inde- 
pendent of the supply of oxygen, but that if the oxygen 
be deficient, the fat and other products of the transfor- 
mation, being incompletely oxidised, accumulate in the 
cell. 2nd. That the presence of £a,t in the cells may thus 
be due to increased transformation of the albumen, or to 
diminished oxidation of the products of its decomposition. 
3rd. That the fatty degeneration in poisoning by phos- 
phoms is due both to an increased transformation of the 
albumen of the cells, and to diminished oxidation of the 
fat and other products of the transformation. 

It will thus be seen that of the four conditions enume- 
rated as causes of fatty degeneration, in all, with the 
exception of the first, the accumulation of the fat is 
principally due to incomplete oxidation, whilst in the 
first there is no imperfection in the oxidising processes, 
but the oxidisable materials are in excess. These two 
conditions are frequently associated. 

An incompleteness of oxidation, and a consequent ten- 



• Voit and Bauer, "Zeitschrift f. Biologie," vii. pp. 63-86; and 
Voit, *^ Neues Eepertorium for Pharmacie," xx. pp. 340-349. 
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dency to the production of fat, occurs under Tarious cir- 
ciimstances. The ried blood cells being the carriers of 
oxygen, all those conditions in which the supply of blood 
is interfered with, the red blood cells diminished in number 
or defective in quality, or the oxygenation of the blood 
imperfectly performed,, may lead to fatty degeneration. 
The interference with the supply of blood to the brain, 
for example, by thrombosis or embolism, causes fatty 
degeneration of the brain-tissue. (See " Cerebral Soften- 
ing.") The destruction of the red blood cells by phos- 
phorns and other poisons, and that general condition of 
Aiuemia which sometimes exists in young people and is 
also produced by many chronic and acute diseases, are 
alao followed by a similar result. The senile forms of 
fatty degeneration which are seen in the cornea and car- 
tilage, and are due to that diminution in the activity of 
the circulation which exists in old age; and the fktty 
degeneration of organs and tissues which have been long 
disused, and in which consequently the quantity of blood 
circulating through them and the oxidation processes 
become diminished (see " Fatty Infiltration of Muscle"), 
are other examples of degeneration from this cause. The 
cancers and other rapidly growing tumours in which the 
rapidity of growth is out of proportion to the vascular 
snpply, also undergo extensive fatty changes. Lastly, 
the imperfect oxygenation of the blood which results from 
certain chronic diseases of the lungs constitutes one 
element in the causation of the fatty degeneration which 
80 frequently exists in these diseases. 

In proceeding to consider the histological changes which 
are produced in the tissues by an accumulation of fat, it 
must be stated, in the first place, that these vary very 
considerably according to the cause of the degeneration. 
In those cases in which the fat is derived from the meta- 
morphosis of the nitrogenous constituents of the tissues, 
the tissues are destroyed in the process ; whilst in other 
cases no such destruction usually takes place. Although 
these two conditioUiS may occasionally be aBBOciatoi, ^e,\. 
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owing to tbe marked difference in the reenlts which the 
respectively produce, it will be well to speak of tha 
separately ; that in which the fat is derived from tl 
metamorphosiB of the tissues being termed FaMy Md 
morphosis, that in which it is derived from the oleagmoi 
saccharine, or nitrogenous principles of the food— Poi 
LifiUration, 

PATTTf INFILTRATION. 

In Fatty Infiltration, the fat which is deposited witl 
the cells usually occurs as distinct drops of oil. In \ 
earliest stages of the process these are very smaD, 1 
as the deposition proceeds they gradually accumuL 
and run together, displacing and obscuring the nucl< 
and protoplasm, until the cell is completely filled 8 

distended with oil. (Fig. 6.) T 
^^' * vitality and functions of the c< 

are but little impaired by the ac 
mulation, and the protoplasn 
although rendered almost invisi 
when this is excessive — ^remains 
altered. The cells within wi 
the fat accumulates not being 
stroyed, the removal of the fal 
all that is necessary to restore tL 
to their original condition. 
Uver Cells in various already stated, fatty infiltrai 

S'Xif^AT^^ o<^^^ a« a physiological proce« 

the growth of adipose tissue, i 
also in the liver during the digestion of an aliment ] 
in fatty substances. 

FATTY INFILTRATION OP MUSCLE. 

In muscle, fatty infiltration is frequently met with f 
morbid process. The cells in the connective tissue wt 
surrounds the fasciculi of the muscle become filled v 
fat ; and this development of fat between the primi* 
muscular fasciculi has often been confounded with d( 
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aeration of the fibres themselves. In this latter process, 

iowever, which will sabseqnentlj be described as fatty 

metamorphosis of muscle, there is a direct metamorphosis 

of the muscular fibres into fat ; whereas in the condition 

noi7 mider consideration, there is a deposition of fat 

between the fiisdcnli, which remain — dnring the earlj 

stages at all events — ^unaffected. The interstitial hkt 

varies in amount. In some cases single rows of £skt cells 

alternate with rows of muscular fosciculi, at other times 

the accumulation is less r^ular, more existing between 

some fibres than between others ; in all cases, however, 

the muscular elements may be discovered lying amongst 

the Eat, (Fig. 7.) If the latter be very considerable 

in amoxmt, the muscle may B.ppeax to the naked eye to 

be entirely converted into fat ; but the microscope will 

always reveal the muscular structure in which it is 

embedded. 

This condition is frequently met with in animals which 
have been fattened, the &t increasing not only in the 
nsual situations, but also accumulating between the 
fasciculi of the muscles. In muscles also which from 
any cause have for some time been incapacitated, and in 
which consequently the circulation of blood and the 
oxidation processes are reduced to a minimum, this inter- 
stitial growth is extremely liable to occur ; ex. gr. in the 
extensors of the wrist-joint in cases of lead-poisoning, 
and in long-standing paralyses from lesions of the brain 
or cord, also in muscles which have been rendered 
useless by anchylosis of a joint. In progressive muscular 
atrophy, as Virchow has shown, the afiected muscles 
exhibit this change, together with true fatty meta- 
morphosis. 

Fatty Infiltration of the Heart. — In the heart fatty 
infiltration is not unfrequently met with ; and here it is 
especially important to distinguish it from the much more 
grave condition in which the fibres themselves are pri- 
marily affected. In health, there is a varying amount of 
fat covering the surface of the heart beneath, the ^^iaeei^ 
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ivfT of the ppricardlutn, which is alwaja most abnndant 
II till! groovLit ln-tween the auricles and ventricleB, whew 





Ki«,« Ififillrall'm «f ff'irt. A flection fnim tie more eitm*! 
(Virtiou of till- Ifft vi-ntriclu of tlin bcnrt, eliowiug tlio growth of ht 

yiiwl aud cununiiuuiug tu uudergu fatly miilamoiphosis. k 20U. 

it surrounds the blood -vessela. This may increaHC SO aa 
t« completely enrelop the organ, and at the eame time 
^'radually insinuate itself between the mnseolar fibres, 
so that to the naked eye all appearance of muacular 
structure may be lost, the walls looking hke a masa of 
fat. In hearts less affected, striie of fat will he seen lying 
amongst the mnscle. (See Tig. 7.) The fat ia always 
most ahandant near the surface, the mascnlar structure 
becoming more evident towards the endooardinm. 
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The immediate effect of the interstitial growth is to 
displace and compress the mnscnlar fibres between which 
it insinuates itself, and in doing so it diminishes the con- 
tractile power of the muscle. This is especially important 
when occurring in the heart. The pressure, however, 
which it exercises upon the fibres and the accompanying 
blood-vessels, ultimately causes atrophic and degenerative 
changes. Thus the fasciculi gradually atrophy, the trans- 
verse striation becomes indistinct and is replaced by mo- 
lecular fat ; in fine, true metamorphosis of the muscle is 
established. These two processes, indeed, not uncommonly 
go hand in hand together, the interstitial infiltration pre- 
ceding the intrastitiial metamorphosis. 

PATTY INPILTEATION OP THE LIVER. 

It is in the liver that fatty infiltration assumes its 
most important aspect, and in this organ it is exceedingly 
frequent, constituting what is commonly known as the 
" fatty liver." The hepatic cells always contain a small 
quantity of fat, which is temporarily increased after the 
ingestion of fatty substances. lb will be well to describe 
this physiological infiltration before proceeding to the 
morbid process. 

The ingestion of an aliment rich in fatty substances is 
followed by a temporary excess of fat in the portal blood, 
and by the deposition and temporary accumulation of a 
portion of this within the hepatic cells. This fat is first 
deposited in the cells which are in immediate contact with 
the capillaries of the portal vein, and thus is produced 
an excess of fat in the cells at the circumference of the 
hepatic lobules. This gradually passes from the cells at 
the circumference to those in the interior, whence it is 
ultimately conveyed again into the circulation. This 
process goes on until the excess of fat is removed from 
the blood, when the hepatic cells again acquire their 
former character. There is thus a transitory accwicmW 
tion of fat within the hepatic cells which ia gxaAxis^^ 
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removed, the vitality of the cells not being thereliy 
impaired. 

The morbidly fatty liver is one which contains an ab- L 
normal quantity of fat, and here also, as the fat is nsnallj • 
deposited from the blood in the portal capillaries, the -« 
increase is first observable in the external zone of the 
hepatic lobules. (Fig. 8). It accumulates here within * 
the cells as minute globules, which as they increase i 
coalesce and form large drops of fat. These ultimately ^ 
completely fill and distend the cells, which at the Bane r 
time become larger and more globular in shape. (See 
Fig. 6.) As the process proceeds, the aocomnlation 
advances from the periphery towards the centre of the - 
lobule, until its whole mass may be involved, and the 
cells universally become distended with fat. The vita]ii|y 
of the cells is not materially impaired by the infiltration; 
they continue to perform their functions, as is shown by 
the presence of bile in the stools and in the gaJl-bladder. 
In many exceptional cases the accumulation of fat is most 
marked around the hepatic vein. This, according to 
Virchow, is probably to be explained by supposing that 
the fat is becoming excreted, and that only the last cells 
retain a little of it. 

The fatty liver is somewhat increased in size, in ad- 
vanced stages often considerably so. The surface is 
smooth, the edges are thickened and rounded, the specific 
gravity is diminished, although the absolute weight may 
be increased. If the infiltration be slight, involving merely 
the portal zone of the lobules, the cut surface will present 
a mottled appearance, the external fatty zone being of an 
opaque yellowish- white colour, whilst the central portion 
remains unaltered, or is perhaps somewhat hyperaemic. 
The more extensive the infiltration the larger is the pale 
zone, and ultimately, when the whole lobule is involved, 
there may be left in the centre merely a reddish-brown 
point, which corresponds with the commencement of the 
hepatic vein ; and in many cases even this point is lost. 
The organ is then of an almost uniform opaque yellowish- 
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*lute coIoQT and the bonndarj betweea the mdiTidual 
Icimles maj be cotnpletelj obscured In very exceptional 




.FWlt Llcer Bhoinug the accDmnlation of fat in tboee cells 
more especially wli cb are b tasted in tbe eiteroal zone of the 
lobule. There is also ■□ iDcreaae In the iit«riobaliir connective 
UuDe (Cirrhos e). v Hepatic vein 1 luterlubular coimective 



cases the sccnmiilBitioii of fat is mnch more ftbandsnt in 
loiiie portions of the liver than in othera so that on 
•ectton, jellomsh points and Btreaks are seen scatt«red 
oTer ita surface The consistence of the organ iB much 
dumnished, it feela donghy and pits on pressnre with 
the finger, and the knife used to cut it becomes coated 
with OiL The pressnre eiercised bj the infiltrated fat 
prodncea considerable aniemia of the organ, bat tiiQ 
interference with the eircuIaUoa is never sii^^ut \a 
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caase ascites, IiaBmorrhage, or other evidences of port 
congestion. 

The liver is especially liable to become the seat of fatf 
accumulation. This, according to the late Dr. Bem 
Jones, is owing — firstly, to the excess of non-nitrogenoi 
oxidisable matter which is always present in it ; second] 
to the deoxidised condition of the portal blood; ai 
thirdly, to the low pressure and slowness of circulation 
the portal vessels — conditions the least favourable 
oxidation.* 

An accumulation of fat in the liver occurs under t 
opposite conditions — one in which there is general obesr 
and the fat accumulates in the liver in common with oti 
parts ; and another, in which there is general emac 
tion, and a consequent impairment of the oxygenati 
power of the blood. The fatty infiltration of the lii 
which is so constantly associated with certain chroi 
diseases of the lungs, is probably also partly due to i 
perfect oxygenation of the blood from destruction of lui 
tissue. Fatty liver caused by phosphorus And otl 
poisons has been already alluded to. 

The other variety of fatty degeneration — ^fatty me 
morphosis, will be described in the following chapter. 



* " Lectures on Pathology and Therapeutics." Dr. Bence Joe 
p. 179. 



CHAPTER V. 

FATTY DEGENERATION {continued). 

7ATTT METAMORPHOSIS. 

This differs from fatty infiltration, inasmuch as the fat is 
deriyed &om the albuminous constituents of the tissues 
themselves, and not from the fatty, saccharine, or nitro- 
genous principles of the food. 

The process consists in the transformation of the albu- 
minous constituents of the tissues into fat, in the manner 
described in the preceding chapter, the cells being the 
parts which are most frequently affected. This fat 
makes its appearance as minute granules and molecules 
within the cells, usually first in the protoplasm, and sub- 
sequently in the nucleus. The granules — which are cha- 
racterised by their dark colour, sharp contour, strong 
refractive power, and solubility in ether — gradually in- 
crease in number, until the whole of the protoplasm has 
undergone the transformation. As they increase some of 
them may coalesce, and so form distinct drops of fat. As 
the process proceeds the cells undergo an increase in siza 
and become more globular in shape. Ultimately the 
nucleus becomes involved, the cell-wall, when this exists, 
is destroyed, and the cell is thus transformed into a mass 
of granular fat (Fig. 9). 

These granules of fat may remain in a coherent form 
for some time ; they then constitute what were formerly 
known as the " inflammatory" or ** exudation corpuscles," 
or *' corpuscles of Gluge," which are so common in chronic 
cerebral softening, and in other forms of fatty degene- 
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ration (Fig. 9, 6). Ultimatelj the corpuscles break i 

the albnminous matter between the granules of i 

li(}uefies, and the fat becomes distributed in the tiss 

(Fig. 9, h). 

Fig. 9. 



6 













Fatty MetamorphMts qf Cells, a. From a 
cancer, b. From the brain in chronic soften- 
ing. The latter show the large "granular 
corpuscles," and also the manner in which 
these become disintegrated, x 200. 

Types of this pathological process are famished 
many well-known physiological ones, one of the m 
characteristic of which is perhaps the secretion of m 
The mammary gland is a large racemose gland, consist 
of numerous groups of lobules lined with epithelial c< 
The secretion of milk takes place in the following manii 
— The cells lining the lobules of the gland multi 
abundantly, and the new cells as they are produ 
gradually become converted into fat ; the cell breaks 
and the fatty matters in a more or less coherent ft 
constitute the milk-corpuscles. In the earliest stagei 
the process the granules of fat cohere and form 
colostrum-corpuscles, which are precisely analogous 
the large granular corpuscles met with in chrc 
cerebral softening, &c. (Fig. 9, h) ; but as the secret 
becomes fully established, and the multiplication i 
disintegration of the cells takes place more rapidly, 
fatty molecules become at once distributed in the liq 
in which they are suspended, giving to the secretion 
characteristic white colour. The milk-corpuscles t] 
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are replaced by the contmnons formation of new 
dm below, which in their torn nndergo fatty meta- 
>8is, and in this manner a continnons formation 
stmction of cells take place. 

>r examples of fatty metamorphosis are afforded 
formation of the sebaceons matter of the skin, the 
in of the ears, and the corpus latenm in the ovary ; 
which take place in the same way by the fatty 
orphosis and destruction of newly formed cells, 
immediate effect of fatty metamorphosis is to pro« 
tore or less softening of the affected part, the celln- 
ments are completely destroyed, the intercellular 
ice also undergoes fatty changes, and thus all trace 
original structure may be ultimately lost. This 
ition of the cells is tiiie essential feature of the 
!, and distinguishes it from fatty infiltration, in 
bhe cells within which the fat accumulates usually 
. intact. 
jcge tracts of tissue are affected, the change is 

recognisable by the diminution in consistence 
asticity which are produced, and in many cases 
f the opaque yellowish-white colour. If, however, 
inge is limited to miuute and isolated portions of 
sue, its existence can only be discovered with the 
the microscope. 

fatty particles into which the cells have been 
)rmed, under favourable circumstances are readily 
ed. This is seen in the fatty degeneration and 
tion of inflammatory products, such as occurs in 
us pneumonia. In order for such absorption to 
lace, it is necessary that the tissue should be freely 
id with blood-vessels. If this is not the case, the 
rated products are liable to undergo certain 
53 whereby they become converted into a pultaceous 
ing material somewhat resembling cheese : — this is 

as caseation. 

:ation. — This is a modification of the degenerative 
J in which the fatty products gradually dr^ up m\*o 
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a jellowisli friable material, wldch lias been compared to 
8cft cheese. This change appears to be owiug to a 
natural dryness of the degenerated tissne, resulting from 
deficient vascular supply. It is most frequent in parts 
which contain but few vessels, or in those in which these 
become obliterated by inflammatory products or by some 
new growth. Growths composed of closely-crowded ceUs — 
as epithelial accumulations within the pulmonary alveoli, 
growths in the lympathic glands, in the brain, and in the 
osseous structures, are the most liable to become caseous. 

The process consists in a gradual drying up of the 
degenerated elements ; the fluids are absorbed, the ceUs 
— which are many of them incompletely degenerated — 
shrivel and atrophy, the fat undergoes partial saponifica- 
tion, cholesterine forms, and the tissue thus becomes 
converted into a soft, yellowish-white, cheesy substance, 
composed of atrophied cells, fatty debris, and cholesterine 
crystals. This material may gradually dry up more and 
more, and ultimately become encapsuled by a layer of 
fibrous tissue. 

These cheesy matters are constantly met with, espe- 
cially in the lungs, and considerable confusion has arisen 
as to their nature and oi-igin in this situation. This has 
proceeded from its having been formerly the custom to 
look upon all cheesy masses as essentially tubercular. 
Tubercle, it is true, often undergoes, to a greater or less 
extent, fatty degeneration, and it may thus, like all 
other growths which have undergone this process, be- 
come converted into a yellow cheesy substance; but it 
is by no means true that all cheesy masses are tuber- 
cular. The pathological significance of caseation is 
thus less limited than was formerly supposed, and 
although this change is undoubtedly most common in 
tuberculous and scrofulous lesions, its occurrence merely 
indicates that the elements have undergone fatty meta- 
morphosis, and under no circumstances is it in itself 
evidence of any one particular form of morbid growth. 
(See ** Scrofulous Inflammation.") 



FATTY DEGENERATION. 51 

The caseons mass may subsequently become calcified, 
or undergo a process of softening and liquefaction. 

Calcification. — ^This is an advanced stage of the pre- 
ceding process. It most frequently occurs in those cases 
in which the caseous mass is completely enclosed and 
isolated from the external air, as when in the lymphatic 
glands, in bone, or when encapsuled in the lungs. The 
mass becomes infiltrated with calcareous particles, and is 
thus converted into a calcareous concretion. (See " Cal- 
careous Degeneration.") 

Softening. — This process consists in a liquefaction of 
the caseous substance, which is probably owing to some 
chemical change in its constituents. It most commonly 
occurs in parts which come into contact with the external 
air, especially in those situated in the lungs. The 
caseous mass liquefies, and is converted into a thin puri- 
form liquid, containrng curd-like cheesy matter, which to 
the naked eye looks much like pus, but under the micro- 
scope is seen to consist simply of granular debris, fat, 
and cholesterine crystals. This, if not discharged, may, 
like the caseous masses, ultimately dry up and become 
calcified. 

PATTY DEGENERATION OF ARTERIES. 

Fatty degeneration of arteries may be a primary or 
secondary affection. As a secondary process it is met 
with in Atheroma and other inflammatory conditions of 
the vessels in which the fatty change is preceded by 
a cellular infiltration of the sub-endothelial connective 
tissue. (See "Atheroma.") 

Primary fatty degeneration, is a passive process, not 
being preceded by any increased nutritive activity of the 
parts affected by it. It may affect both the internal, 
middle, and external coats of the artery, but it is most 
common in the first-named situation. The change usually 
commences in the endothelium and the connective tissue 
cells in the most internal layers of the inner coat, small 
groups of cells hecozning affected in various paxta oi \}ii"fe 

^2, 
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vesael ; and it may gradoallj extend from withuk out- 
wards, the intercellular Bubetance softening nntil m ex- 
ceptional cases the whole thickness of the mtimA ia 

destroyed (Pig 10) 

Fra 1» 




In the earlier stages of the process the condition ia 
recognised by the existence of small irregnlar shaped 
patches of an opaque jeliowish white colonr projecting 
very slightly above the surface of the intima These, 
which are so constantly met with on the lining membrane 
of the aorta, may at £rst be mistaken for atheroma. 
They are in most cases, however, readily distingnishahle 
by their superficiality, and by the facility with which 
they can be stripped off from the subjacent layers, which 
present a natural appearance. In atheroma, on the other 
hand— which affects the deeper structures — if the super- 
ficial layer be removed, the opacity and thickening are 
seen to exist beneath it. In many cases the change is 
limited entirely to the innermost layers of the vessel ; the 
more the subjacent tissues are involved, the greater is the 
irregularity in the shape of the patches, and the less readily 
can they be separated with the forceps. The opaqne 
patches occasionally break down, the cells are destroyed, 
the intercellular substance softens, and the granular debris 
ia carried &wa,y by the circulation, leaving small, irregular. 
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superficial erosions npon the lining membrane of the 
vesseL These erosions are not olcers in the tme sense of 
that term, not being the result of an active process. They 
resemble the superficial erosions so common upon the 
mucous membrane of the stomach, as described by Dr. 
Wilson Fox. 

Simple fatty degeneration may occur in any of the 
arteries, but it is in the smaller ones that its injurious 
influence is most marked, and in these it is more especially 
liable to affect the external coat. Here, by diminishing 
the elasticity and contractility of the vessels, it causes 
degenerative changes in the parts which they supply, and 
often leads to rupture. This is exemplified by many cases 
of chronic cerebral softening and cerebral haemorrhage, 
although here atheromatous are often associated with the 
fatiy changes. In the larger arteries, as the aorta — 
where it is exceedingly common — it is of less importance, 
the inflammatory process, atheroma, having here a far 
more deleterious effect. 

Fatty Degeneration of Capillaries, — The capillaries 
may also be the seat of fatty changes. Here they are 
most common in the nervous centres, and in the kidneys 
in Blight's disease. The process commences in the 
endothelial cells, and may involve considerable areas of 
the capillary wall, so that rupture is often the ultimate 
result. This is common in the smallest cerebral blood- 
vessels, where it is sometimes a cause of cerebral 
(capillary) haemorrhage. 

Primary fatty degeneration of blood-vessels is in most 
cases a senile change ; it is an expression of that general 
impairment of vitality which exists in advanced life, and 
is usually associated with similar changes in other parts. 
When, however, it is limited to the lining membrane of 
the largest arteries, it is often met with in early life and 
in persons who are otherwise perfectly healthy. Fatty 
degeneration secondary to inflammatory conditions will 
be considered subsequently. (See "Inflammation of 
Blood-vessels.") 
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FATTY DEGENERATION OP THE BBAIN. — CEEEBBAL SOFTENING. 

Fatty degeneration of the brain is met with in those 
morbid conditions comprised under the common term of 
** Cerebral Softenings." Whatever interferes with the 
supply of blood to the cerebral substance will tend to 
produce fatty degeneration, and hence softening. The 
portions of the brain which are the seat of this change 
may be merely rather softer than the surrounding healthy 
tissue — breaking down more readily under a stream of 
water which is allowed to fall upon them — or they may 
be completely diffluent. They are never distinctly cir- 
cumscribed, but pass by insensible gradations into the 
neighbouring tissue. 

Under the microscope the change is seen to consist in 
a disintegration of the nerve-tissue. The white sub- 
stance of the fibres first coagulates, then breaks up into 
large masses (myeline), and these subsequently undergo 
fatty metamorphosis. The cells of the neuroglia, the 
small blood-vessels, and when the grey matter is impli- 
cated, the large nerve-cells, are also involved in the fatty 
change. The tissue is thus converted into broken-down 
fibres, a large amount of molecular fat, and numerous 
large granular corpuscles, the so-called " exudation 
corpuscles" or " compound inflammatory globules of 
Gluge." (Fig. 11.) These corpuscles, as already stated, 
were formerly looked upon in all cases as the result of 
inflammation, hence their name; they are, however, 
simply conglomerations of fat granules formed by the 
degeneration of the cellular elements. (See Fig. 9.) The 
ceUs from which they originate are, according to Yirchow 
and Eobin, the Cells of the neuroglia — ^the connective 
tissue of the brain : — ^these cells share in the fatty change, 
and in doing so, appear to undergo considerable enlarge- 
ment before they are destroyed and the fatty matter 
breaks up. They vary in size from -^ to ^qo ^^^^ i^ 
diameter, the average being y^^o* When the softening 
affects the grey matter the nerve-cells also contain mole- 
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cnlar fat. The small arteries and capillaries running 
thioagli the softened part are manj of them filled with 
ittt grannies and graunlar cells. These latter probably 
oiiginate in the white blood, corpuscles which have accu- 



Chronic While Sqfteaing ^ the Brain. Show- 
ing the grsDnlareoiTiuaclea, broken-down nerve- 
flbres, aod fat gninaleB, of which the softened 



cells (probably uerv£-ce1ls) itre also risibla. 
x250. 

mnlated in. the part and undergone fatty changes. Mole- 
cular fat and the large granular corpuscles will also he 
seen adhering to the external surface of the vessels ; and 
here care is required to distinguish these from fatty dege- 
neration of the vessels themselves, with which the cerebral 
softening is so frequently associated. As the process 
proceeds the cerebral substance is completely destroyed 
and all trace of nerve- struct ore is ultimately lost. 

The colour of the softened portion varies considerably. 
It may resemble that of the aurrounding healthy tissue ; 
in other cases it is altered to a yellowish or deep red tint. 
According to these variations in colour, cerebral soft^n- 
ings have been classified into ichile, yellow, and red. The 
colour depends in great measure upon the amount of 
blood contained in the part, and on this account is im- 
portant, as indicating the manner in which the softening 
has been brought about. 

White Sojiening.—Thii is, in the great majority of cases, 
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a chronic condition. It occnrs especially in old people, 
and is usually due to that disease of the smaller cerebral 
blood-vessels and consequent interference with the circu- 
lation which is common as a result of age. The impair- 
ment of the contractile power of the heart must also con- 
stitute an auxiliary in the causation of the imperfect 
vascular supply. It is the gradual manner in which the 
supply of blood is diminished which accounts for the 
absence of hyperaemia or haemorrhage, so that the colour 
of the softened portion either resembles that of healthy 
brain-tissue, or is an opaque dirty white. White soften- 
ing is sometimes acute, in which case it is usually due to 
the sudden obstruction of the circulation by the impaction 
of an embolus in one of the larger arteries. (See " Embo- 
lism in the Brain.") 

Yellow Softening, — This is, in most cases, simply a 
variety of the former process, in which, from the fine 
state of division and close aggregation of the fatty 
particles, a dead yellowish- white colour is imparted to the 
softened tissue. This colour is probably often partly 
owing to the presence of altered blood pigments, the 
result of some previous slight extravasation. The pig- 
ment may sometimes be seen as fine dark granules, scat- 
tered through the cells of the neuroglia and the nerve- 
cells of the grey matter, where at first sight they look 
like fatty particles ; they are distinguished, however, by 
their dark black colour. A softening of the brain more 
rapidly induced, as by embolism or thrombosis, may also 
occasionally be of a yellow colour. This, however, is only 
the case when the softened portion has attained a certain 
age, and much of the extravasated blood has been re- 
moved by absorption. Lastly, a condition of gelatinous 
oedema of a yellow colour, which has been described by 
Rokitansky as often being present in the immediate 
vicinity of cerebral tumours, has been regarded as a 
variety of yellow softening. 

Bed Softening. — This is commonly a more acute afiec- 
tj'on, most frequently dependent upon vascular obstruction. 
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either from embolism or thrombosis. There is collateral 
hjpersBmia, mptnre of capillaries, and extravasation of 
blood ; the softened tissne is consequently of a deep red 
colonr. These forms of softening will be described in the 
chapter on " Embolism." Red softening is also sometimes 
associated with the chronic white variety, some of the 
diseased vessels giving way, and thns extravasation of 
blood taking place into the already softened tissue. 
Lastiy, red softening maybe inflammatory. (See "In- 
flammation of the Brain.") 

FATTY DEGENERATION OP MUSCLE. 

Both striated and non-striated muscle may be the seat 
of fatty degeneration. In the latter, the muscular fibre- 
cells are the seat of the change ; they become filled with 
fat granules and are ultimately destroyed. This condi- 
tion is frequently met with in the middle coat of arteries 
which are undergoing fatty degeneration. 

In striated muscle — ^both in the voluntary and in the 
involuntary of the heart — the fibres themselves are the 
seat of the morbid i)rocess, which consists in the conver- 
sion of the albuminous matter of which the fibre is com- 
posed into fat. The earliest stage of the affection is 
characterised by an indistinct^iess in 
the transverse markings of the fibres, 
which in many parts become studded 
with minute particles of fat. (Fig. 12.) 
These gradually increase in number 
and size, and are usually distributed 
somewhat irregularly within the sar- 
colemma. In some parts single rows 
of granules are found running along 
the length of the fibre ; in others, they of Muscular Fibres 
are grouped around the nuclei or ar- «/*«\ - ^arli- 
ranged in transverse lines correspond- vanced. x 400. 
ing with the striae of the muscle. The 
fibres become extremely friable, and are readily broken up 
into short fragments. As the process proceeda tb^ tx^\i^- 
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verse markings entirely disappear, and notldng but mole- 
calar fat and oil globules are seen within the sarcolemma. 
The sarcolemma itself may ultimately be destroyed, and 
nothing remain of the original fibre but the fatty debris 
into which its albuminous constituents have been con- 
verted. This is true fatty degeneration of muscle ; in it 
the muscular elements are destroyed, and it thus differs 
essentially from fatty infiltration, in which there is 
simply a development of fat between the fasciculi, the 
fasciculi themselves not being primarily affected. (See 
" Fatty Infiltration of Muscle.") 

FA.TTY DEGENEEATION OP THE HEART. 

It is in the heart that fatty degeneration of muscle is 
most frequently met with, and here it assumes a most 
important aspect from the deleterious influence which it 
exercises upon the motor power of the organ. The mus- 
cular substance may be affected throughout, or the dege- 
neration may be confined to certain portions of it. It is 
more common in some situations than in others. The 
order of frequency with which it occurs in different parts is, 
according to Dr. Quain, firstly, the left venticle ; secondly, 
the right venticle; thirdly^ the right auricle; and fourthly, 
the left auricle. 

The wider the extent of tissue that is affecte'd, the less 
advanced, as a rule, is the degree of the degeneration. It 
is in those cases in which small tracts of tissue only are 
involved that the process is met with in its most advanced 
stage. 

The consistence of the degenerated part is always 
diminished, and its colour altered. When the change is 
slight, and more or less general, the muscle is somewhat 
softer and more flabby than natural ; it is more friable, 
and often breaks with a soft granular fracture. The 
colour is uniformly rather paler, and more opaque than 
that of healthy cardiac tissue. Under the microscope the 
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rnnaeular Sbrw are seen to have lost their gtriated ap- 
porauce, and to contain granules of fat. 

This diffose form of degeneration may occnr in tile 
(oiDw of those diseases in irhicli the osidation processea 
IM rednced to a minimnm ; in all those diseases, in short, 
which are attended by marked antemia, whether thia 
uuemia be graduEilly or rapidly indnced. In the case from 
vhich the accompanying drawing was taken the degene- 
tion was acute. (Fig. 13.) This was the case of a weakly 
Flo 13 
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Amie Fhliy Deffenfrailon of IlmH 
Heart. 6. Koctus abilominifl. TUa ' 
was affected aud also tlie muacles in 




jonng girl wbo was nnder my care suffering from slight 
salvular disease. She quickly succarabed with acute 
tatty degeneration of the Leartand other muscles, which 
was induced by a profuse loss of blood during a menstrual 
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period, and by inability to retain food.* In its slightest 
degrees a dilFuse fatty degeneration of the heart some- 
times occnrs in the course of acute febrile diseases. This 
will be again referred to in the chapter treating of the 
histological changes produced by pyrexia. 

Less frequent than this diffuse and comparatively 
slight degree of degeneration, affecting the whole or the 
greater part of the organ, is a condition in which, although 
perhaps the change may be more or less general, it is 
much more advanced in some parts than in others. In 
such cases the heart presents a mottled appearance ; 
numerous opaque pale yellowish or brownish patches are 
seen irregularly distributed throughout its substance. 
These patches vary considerably in size and form : they 
are met with especially in the papillary muscles, the 
columnae carneae, and in the layers of fibres immediately 
beneath the endocardium. They may also occur beneath 
the pericardium, and in the deeper portions of the organ. 
They correspond with the most degenerated portions of 
the tissue. They are soft and flabby, and have a rotten 
consistence, tearing readily under the finger. Under the 
microscope, the fibres are often seen to be in an advanced 
stage of fatty degeneration; their sarcolemma contains 
large molecules of fat and oil globules, which in many 
parts have escaped and lie free amongst the surrounding * 
less degenerated tissue. (Fig. 12, h.) These more localised 
degenerations are most common in old people, and usually 
result from imperfect supply of blood due to disease of 
the coronary blood-vessels, and not from conditions of • 
general anaemia. The peripheral layers of muscular tissue 
also frequently undergo extensive fatty degeneration 
as the result of pericarditis. The connection between 
these localised degenerations and rupture and aneurism 
of the heart is well-known. 



* This case is reported in "Trans. Clinical Society, Lond." 
Vol. viii. 1875 
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Fig. 14. 




BBOWN ATROPHY OP THE HEAKT. 

elj allied to and occasionally associated with fatty 
ration of the heart, is the condition known as 

atrophy. This consists in a gradual atrophy of 
nscnlar fibres, together with the formation of 
es of brownish-yellow or blackish pigment. These 
es of pigment are either grouped in clusters around 
iclei, or more generally distri- 
within the fibre. The fibres are 
Qtly, at the same time, the seat 
re or less fatty degeneration. 
L4.) 

wn atrophy of the heart is rare. 
Ally occurs as a senile change, 
b part of general marasmus from 
causes. It is also met with in 
jases of cardiac hypertrophy. It 
■re chronic in ite course than .J^j^^.^a^f 
5 fatty degeneration, and its re- the granules of pig- 
ion is in most cases impossible ^^^^ and the atro- 

j. j.^. -J i!xi. • pby of the fibres, 

at the aid oi the microscope. f^^Q latter have in 

some parts under- 
DEGENERATION OP THE KIT^NETS. gone slight fatty me- 
tamorphosis. X 4U0. 

ty degeneration of the kidneys fre- 
ly occurs as a result of inflammation of the organs. 
secondary degeneration will be alluded to when 
ng of renal inflammations. Primary fatty degene- 
i is much less frequent. It must be borne in mind 
the renal epithelium very commonly contains more 
s fat ; but it is only when this is excessive that it 
)e regarded as a diseased condition. This excessive 
ttion of fat in the kidney is, I think, less common 
is generally supposed. It is, however, occasionally 
mth. in chronic diseases, especially in pulmonary 
^is. It is also a result of poisoning by phos- 
is. 
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In simple fatty degeneration tlie cliange is nsnallj cc 
fined to the epithelium of the cortex. The cortex presei 
on section a somewhat yellowish-white surface, oft 
slightly mottled, and this, in most cases, is most marl; 
near the bases of the pyramids. There is no adhesion 
the capsule or granulation of the surface. This char 
appears to interfere but little, if any, with the functic 
of the organs, and in this respect it resembles the aoa 
gous change in the liver. It is not usually accompani 
by albuminuria. 



CHAPTER VI. 

MUCOID AND COLLOID DEGENERATION. 

Under this head is included a class of morbid changes 
which are characterised by a pectiliar softening of the 
tissues. Colloid and mucoid degeneration have frequently 
^n described under the common term of " colloid soften- 
JDgs," but, although they are very closely allied and 
sometimes associated, they appear to constitute two 
distinct processes : the former affecting more especially 
the cells, the latter the intercellular substance. 

Mucoid Degenebation. — This consists in the transfor- 
mation of the albuminoid constituents of the tissues into 
mucin, owing to which they become converted into a 
material of a soft, mucilaginous, jelly-like consistence. 
This is the condition of nearly all tissues in their imma- 
ture or foetal state : the connective tissues in the foetus 
consist almost entirely of this soft mucin-yielding sub- 
stance. Some tissues retain these characters after birth. 
The umbilical cord, and the vitreous humour of the eye, 
are both composed of this substance. 

A mucoid change occurs as a physiological process 
in the secretion of mucus. The newly-formed cells 
undergo mucoid transformation, which results in their 
destruction, and the mucus is thus liberated. It is con- 
sidered probable by some that the cells may also evacuate 
the mucus without being destroyed. This process occurs 
much more rapidly in all catarrhal conditions of the 
mucous membrane. 

As a pathological process mucoid degeneration affects 
especially the intercellular substance. The m\.^xe^^\il\ax 
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substance of the connective tissnes in their fully de- 
veloped state consists of gelatin and chondrin, and the 
mucoid change is thus a reversion of this substance to its 
foetal condition. 

Mucin is closely a^ed to albumen, more so than to 
either gelatin or chondrin : it differs from it in not con- 
taining sulphur. Like albumen, it is only met with in 
alkaline fluids — ^being held in solution by the free alkali — 
from which it is precipitated by dilute acetic acid. It 
differs from albumen in being insoluble in an excess of 
the acid, and also in not being precipitated by boiling, 
by tannin, or by bichloride of mercury. Its behaviour 
with these two reagents will also distinguish it from 
gelatin and chondrin, which are both precipitated by 
them. 

The mucoid change is by no means a common one. It 
is most frequently met with in cartilage, especially in the 
inter- vertebral and costal cartilages of old people. It also 
occurs in serous membranes, in bone, and in many of the 
new formations, especially in those of the connective 
tissue class. Wherever it occurs it produces softening 
of the affected parts ; which are transformed into a homo- 
geneous, colourless material, of a soft mucilaginous 
jelly-like consistence. If the change is limited to isolated 
portions of the tissue, the softened parts surrounded by 
those which are unaltered, often present the appearance 
of cysts. These cyst-like formations containing mucoid 
substance are not uncommonly met with in the costal 
cartilages and in new growths. 

As to the cause of the mucoid change, nothing is 
known. 

Colloid Degeneration. — This differs from the former, 
inasmuch as it is the cells which are more especially in- 
volved in the process. 

The change consists in the metamorphosis of the albu- 
minoid constituents of the cells into a substance known 
as colloid material. Colloid closely resembles mucin, but 
it differs from it chemically, in containing sulphur, and in 
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Fig. 15. 




not being precipitated by acetic acid. It is a colourless, 
transparent, glistening material, of the consistence of jelly 
or half-set glne. It makes its appearance within the cells 
as small lumps, which gradually increase in size, pushing 
the nucleus to one side, until they completely fill the cell. 
(Fig. 15.) The cells are thus destroyed, and converted 
into colloid masses. The small colloid masses sub- 
sequently swell up, coalesce, and so 
form larger masses of firm, transpa- 
rent, yellowish, jelly-like material, 
which are readily to be recognised by 
the naked eye. As the colloid matter 
increases, and the cells are destroyed, 
the intercellular substance atrophies 
or softens, and in this way cyst-like 
cavities are formed, within which is 
contained the gelatinous substance. 
Here it may subsequently undergo a 
process of liquefaction. (See Fig. 67). 

The colloid change is most common Colloid Cells, from 
T ± n j.i_ i-t 'Jija colloid cancer 

m enlargements of the thyroid gland (Rindfleisch.) 

(goitre), in the lymphatic glands, in 

the choroid plexus, and in many of the new formations. 

(See "Colloid Cancer.'*) Its causes and nature are as 

obscure as those of the allied mucoid softening. 

It is when occurring in new formations that these two 
forms of degeneration assume their most important 
aspects. Certain varieties of tumours may originate as 
mucoid or colloid growths, or may subsequently undergo 
these morbid transformations. The mucous tumours 
(myxomata), which resemble in structure the umbilical 
cord, consist entirely of a gelatinous mucin-yielding sub- 
stance. The sarcomata, lipomata, enchondromata, and 
the cancers may also become the seats of these forms of 
softening. 

Such growths have sometimes been described as gela- 
tin if orm or coUoid cancers, this term having been applied 
to them without any regard to their structure or real 
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Dature. CajicerB, it ie trae, maj undergo & colloid 
change {aee "Colloid Cancer"); but it ie by no means 
trne that all tnmonrH poHsesaing these soft gelatiniform 
characters are cancers. The terma "mncoid" or "cclloid," 
applied to a new growth, merely imply certain phjaical 
and chemical characters, and convey bnt little informa- 
tion aa to its real uatnre. 

MUSCCLAS CHANQE3 IN TTPEOID FETEB. 

Allusion must he made here to that change met with 
in the mnaclea in typhoid fever, which was first described 
by Zenker, and which appears to he Bomewhat allied to 
colloid degeneration. This change is most marked in the 
recti mnsciea of the abdomen, the adductors of the thigh. 




a Vueclefror 

Rticr Preparation le«B d after treatoent withMQl- 
ler's Fluid " 'DO Reduced ^ 

and in the diaphragm The portions of muscle affected 
are paler than natural of a reddish-grey or brownish- 
yellow colour and abnormally friable. Under the micro- 
scope, the altered fibres are much swollen, the transverse 
striation is lost, and the sarcolemma is occupied by a 
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homogeneous, struclurelesB materiaL This material is ex- 
ceedingly brittle, and, as nsnally seen, presents a wrinkled 
appearance, or is broken np transversely into several irre- 
gnlar fragments. (Fig. 16.) The fibres are never nniver- 
sally affected, bnt many normal are associated with the 
altered elements. This change necessarily impairs the 
contractile power of the muscle, and it often leads to 
rapture of some of the fasciculi and haemorrhage. The 
new material appears to be readily absorbed, and the 
lost fibres to be quickly regenerated. 

With regard to the nature of the change but little is 
known. Although most frequent in typhoid, it occurs 
akio occasionally in other severe febrile diseases. The 
transformed muscle, as already stated, appears to be 
allied to colloid. A similar change is described by Comil 
and Banvier as sometimes occurring in muscles in the 
neighbourhood of abscesses, of inflamed bone, and of 
tumours. 
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CHAPTER VII. 

AMYLOID DEGENERATION. 

Amyloid degeneration, winch is one of the most im- 
portant of the degenerative processes, consists in the 
infiltration of the tissues with a peculiar homogeneous 
translucent substance, closely resembling albumen, by 
which their vitality becomes diminished and their func- 
tions impaired. 

It is often known as the lardaceous, or waxy change, 
the organs affected by it having somewhat the appear- 
ance of lard or wax. The term ** amyloid" — ^which was 
applied to it by Virchow, from the supposed resemblance 
of the new material to cellulose or starch — ^as being that 
by which it is perhaps most generally known, is here 
adopted. 

This form of degeneration is very rarely a primary 
affection, but almost invariably occurs as the sequel of 
some other disease. It is in those diseases which are 
attended by profuse and long-continued suppuration, 
such as chronic diseases of bone, empyema, chronic dis- 
integrative diseases of the lungs, chronic pyelitis, and 
chronic intestinal ulceration, that the amyloid change is 
most frequently met with. It also occurs in the advanced 
stages of constitutional syphilis, but especially in those 
cases in which there is chronic bone disease or chronic 
ulceration. 

Every organ and tissue may be the seat of the change ; 

those, however, in which it is especially prone to occur 

are the kidneys, the liver, the spleen, the lymphatic 

glands, and the intestines. It is met with less frequently 
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in tbe siomacli, in the snpra-renal capsules, in the 
pharynx, and oesophagus, in the bladder, prostate, and 
generative organs, in serous membranes, in the mem- 
branes of the brain and cord, and in muscle. It is rarely 
limited to one organ, but several organs are almost in- 
variably simultaneously affected by it. 

Respecting the nature of the new material which infil- 
trates the tissues, the analyses of Kekule and Schmidt 
show that it is a nitrogenous substance closely allied to 
albumen. The conclusions arrived at by these observers 
are, however, not satisfactory, as they were unable com- 
pletely to separate the substance from the tissues in 
which it was deposited. More recently, Kiihne succeeded 
in more completely isolating it. He submitted the 
affected organs to a process of artificial digestion, and 
inasmuch as the .amyloid substance is not dissolved by 
digestion with pepsin, it was thus obtained free from the 
tissues in which it was contained. The result of Kuhne's 
analyses are very similar to those of Kekule and Schmidt. 
Dr. Dickinson regards the new substance as fibrin de- 
prived of its alkaline salts. The investigations of Dr. 
Marcet* show that the infiltrated organs are considerably 
deficient in potash and phosphoric acid, whilst they con- 
tain an excess of soda and chlorine. In conclusion it 
may be stated that, although the precise composition of 
the amyloid substance has not yet been determined, the 
results of the several analyses appear to justify the 
opinion that it is some modification of fibrin. 

The most characteristic feature of the amyloid sub- 
stance is the peculiar reaction which it gives with iodine, 
and with iodine and sulphuric acid. If an aqueous 
solution of iodine — made with the help of potassium 
iodide — be applied to an amyloid organ, the affected por- 
tion changes to a deep reddish-brown colour. This is 
not permanent, but gradually passes off, and the part 



• See "Report of Committee on Lardaceous Disease," Traos. 
Path. Soc. Lond. 1871. 
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regains its former appearance. If the application of the 
iodine be followed by the cautious addition of sulphuric 
acid, a blackish-blue or violet tint is produced. ITiis 
latter reaction, however, is not easily obtained, consi- 
derable nicety being required in the application of the 
reagents. The following is the method for obtaining it, 
recommended by Professor Yirchow : — A dilute aqueous 
solution of iodine must be allowed to soak well into the 
tissue, the excess must be poured off, and a single drop 
of concentrated sulphuric acid gradually added, when a 
blue or violet colour will be produced, either at once or 
after some time. In the hands of English pathologists this 
latter reaction has certainly m.et with but little success ; 
and if the colour be obtained, it is by no means satis- 
factory, and more nearly resembles a black than the blue 
which has been described. Fortunately, however, the 
reaction with iodine alone is perfectly characteristic, and 
the attempt to obtain the blue by the subsequent addition 
of sulphuric acid is therefore quite unnecessary. If the 
change is at all advanced, the reddish-brown colour will 
be produced by merely pouring the aqueous solution of 
iodine over the cut surface of the organ ; but in slighter 
degrees of the affection, thin sections must be made with 
a Valentin's knife, and well washed with water to remove 
the blood, before the coloration with iodine can be ob- 
tained. 

Upon considering the above reactions, it will be seen 
that they resemble, in some respects, those exhibited 
by some well-known organic substances. Cellulose — the 
substance which forms the external membrane of vege- 
table cells — jdelds a blue when treated with iodine and 
sulphuric acid, and so far resembles the amyloid mate- 
rial ; but it differs in not being coloured by iodine alone. 
The same is true of cholesterine ; this also gives a reddish- 
brown with sulphuric acid, but is not altered by iodine. 
To starch, the resemblance is not so marked as to the two. 
preceding substances ; with this, iodine produces a blue 
colour without the addition of the acid. 
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The amyloid anbatanoe almost inyariably makes its 
appearance first in the small arteries and capillaries, and 
subseqaently extends from them to the surrounding tis- 
sues. The cells of the intima and of the muscular coat 
are the first to become infiltrated, then the remaining 
structures of the artery. When the vessels have become 
infiltrated, the amyloid matter extends to the immediately 
surrounding parts; it invades both the cells and the 
intercellular substance, and may gradually extend until 
the whole organ is completely impregnated. 

The changes produced in the tissues by this infiltration 
are very characteristic. The cells as they become filled 
with the new material gradually increase in size ; they 
lose any irregularities in their contour, and become 
rounder and more regular in shape; their nuclei dis- 
appear, and the whole cell is converted into a structure- 
less homogeneous body, which has a peculiar translucent 
glistening appearance. (Fig. 17, a.) If the cells are in 

Fig. 17. 




Liver Cells infiUraied with the Amyloid Siihstance. 
a. Single cells, b. Cells which have coalesced 
X 300. (Rindfleisch.) 

close contact many of them may coalesce, and their dis- 
tinctive boundaries thus become obliterated. (Fig. 17, h.) 
The intercellular substance in the same way acquires a 
homogeneous glistening appearance. The walls of the 
small arteries — in which, as already stated, the change 
commences— become considerably thickened, the cells of 
the muscular coat enlarge and ultimately coalesce, the 
calibre of the Yesaei becomes diminished, and \^fe cvx- 
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culation through it is consequently impeded. (See 
Fig. 19.) 

Organs in which this change is at all advanced, present 
features so characteristic that its nature can be readily 
recognised by the naked eye. They are usually consider- 
ably increased in size ; their absolute weight is increased, 
and also their specific gravity; their surface is smooth, 
and the capsule tense and stretched ; their consistence is 
firm and somewhat elastic. On section they exhibit a 
peculiar homogeneous, glistening, translucent appearance, 
somewhat resembling wax or glue. Owing to the dimi- 
nished calibre of their blood-vessels and to the pressure 
exercised by the new material, they contain but little 
blood, and hence are always pale in colour. The change 
may involve the whole organ, or it may be limited to 
certain portions. In the spleen, for example, it is fre- 
quently limited to the Malpighian corpuscles ; and in the 
liver to the cells in the more immediate vicinity of the 
hepatic artery. 

Although the above characters are often sufficiently 
marked, they should always be confirmed by the applica- 
tion of iodine to the cut surface of the organ. In slighter 
degrees of the afiection — when the physical characters 
are but little altered — the application of this reagent 
becomes necessary in order to discover the presence of 
the new substance. In these cases, merely pouring the 
solution over the organ will often fail to produce the 
characteristic staining ; and it will be necessary to make 
thin sections with a Valentin's knife, and wash them 
thoroughly with water to remove the blood, before the 
reaction can be obtained. In the earliest stages of the 
change the use of the microscope may be necessary for 
its recognition. 

The efEect of amyloid degeneration is to impair or even 
to completely destroy the nutrition and function of those 
organs which are afiected by it. This is owing to two 
causes — the obstruction offered to the circulation and the 
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direct inflnence of the new material upon the parenchyma 
of the organ. The obstruction to the circulation, which 
resnlts partly from the diminution in the calibre of the 
small arteries, and partly from the general pressure 
exercised by the infiltrated substance, causes an insuffi- 
ciency in the supply of arterial blood. As a consequence 
of this, secondary atrophic changes are induced in various 
parts ; the cells may atrophy and undergo fatty meta- 
morphosis, which indeed is frequently associated with the 
amyloid change. The vitality of the cellular elements 
is still further impaired by their infiltration with the new 
material, and thus all manifestation of their functions 
may ultimately cease. 

As this form of degeneration is almost invariably 
secondary to some grave constitational state, it can rarely 
be looked upon as in itself a cause of death, although it 
may materially hasten, and even determine, the fatal 
termination. 

Having thus described the nature of the amyloid sub- 
stance, and the way in which it makes its appearance in 
the several tissues of an organ, it remains to consider the 
source from which it is derived. The disease, as already 
stated, appears to be an infiltration, and to consist in the 
deposition of a new material from the blood in the various 
tissues and organs. The existence, however, of any albu- 
minoid substance in the blood which resembles amyloid 
in its reaction with iodine, has never been made out, even 
in the most marked cases of the disease. This fact must 
therefore negative the supposition that it is a simple 
infiltration. If the new material be derived from the 
blood at all, it must undergo some chemical change 
subsequently to its deposition in the tissues. Dr. Dickin- 
son considers that it is dealkalised fibrin, which is depo- 
sited in consequence of the loss of the alkali which it 
normally contains. This loss of alkali he attributes to 
the chronic suppuration which usually precedes the 
disease, pus containing large quantities of potassium and 
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sodium salts. He conseqnently terms the disease " depw 
rative infiltration,"* Whether this be so or no, it is 
probable that some abnormal condition of the blood is 
the cause of the disease, and that the change itself 
consists in the retention and coagulation in the tissues 
of some albuminoid substance which is derived from the 
nutritive fluids. The way in which the several tissues of 
an organ are affected, the change almost invariably com- 
mencing in the small nutrient blood-vessels, and extending 
from them to the surrounding parts ; the general charac- 
ter of the affection, several organs being simultaneously 
involved; together with the fact that it is almost in- 
variably secondary to chronic suppurative diseases or 
to syphilis — ^point to some alteration in the composition 
of the blood as the cause of the degeneration. 

AMYLOID DEGENEKATIGN OP THE UVBR. 

The liver is one of the most frequent seats of the 
amyloid change, and here, as in other parts, it probably 
commences in the small nutrient blood-vessels, although 
the alterations are much the most marked in the hepatic 
cells. The minute branches of the hepatic artery are first 
affected, and from these the infiltration gradually extends 
to the hepatic cells immediately adjacent, until ultimately 
the whole organ may become involved. 

If a liver be examined in the earlier stages of the affec- 
tion, and the iodine solution applied to thin washed sec- 
tions of the organ, it will be found that the characteristic 
staining is limited to certain portions of the lobules — viz. 
to those which are situated between their external and 
central parts. This intermediate portion corresponds 
with the distribution of the hepatic artery, and the rami- 
fications of this vessel together with the hepatic cells 
situated in their vicinity are the first to become affected. 
(Fig. 18). As the change advances the whole lobule may 



* "Jfedjco-Chirurgical Transactioiis," vol. 1. 
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nhimatelj become involved. The alterationBintlie hepatic 
cells are very characteristic Thej are much eolai^ed. 




Amgloid LietT A portion of ons lobulp, Bhowing the 
eDlsrgcmctit and fnsion of the hepatic cells, and the grent^v 
imphcatiou of the intennediftte /oue of the lobule. At the 
more citerual portion of the lubuLe ato seen aeveral fat 
cells, a certain amonDtof fattT infiltratiou being asBociated 
with the amyloid chaoge. c. Hepatic veia. x lUO. 

iiregalar in outline, their nnclei are imperceptible, and 
many of them are fused together into irregular- shaped 
maasea. (See Fig. 17,) 

The earliest Beat of the amyloid change thus differa 
from that of the fatty. In fatty iufiltration it is the most 
eitemal portion of the lobule in which the fat first accu- 
mulates — that which correaponds with the distribution of 
the portal yeia. (See Fig. 8.) It differa also from that 
pigmentation of the hepatic cells resulting from me- 
chanical congestion, which takes place in the most central 
portion, aronnd the hepatic vein. (See " Nutmeg Liver."} 
Thns in each hepatic lobnle three zonea may be diatin- 
guiahed :— an estertial one, which is the chief seat of 
the fatty change ; a central one, which ia the chief seat 
of the pigmentary chang'e; and an intermediate one, ■«\i\t'ti. 
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is the chief seat of the amyloid change. These three 
zones, indeed, may frequently be recognised by the naked 
eye, the pale opaque external one contrasting strongly 
with the intermediate one, which is translucent, and with 
the darker central one. In the most advanced stages 
of the disease, however, both the external and central 
portions of the lobule may become involved, and the 
cut surface present an almost uniformly homogeneous 
appearance. 

The amyloid Hver is increased in size, often very con- 
siderably so ; it may be so large as almost completely to 
fill the abdominal cavity. The enlargement is uniform, 
and hence the natural configuration of the organ is but 
Httle altered. Its weight is increased, and also its specific 
gravity. Its edge is rounded, the surface is smooth, and 
the capsule appears tense and stretched. The consistence 
is firm and elastic. The cut surface is dry, bloodless, 
smooth, translucent, and waxy-looking, and of a pale 
reddish-grey or dirty yellow colour. If the change is very 
far advanced, the tissue may be perfectly homogeneous, 
all distinction between the individual lobules being lost. 
In other cases the lobules are distinctly mapped out; 
they are enlarged, and the external zone may be of an 
opaque, yellowish-white colour, owing to the presence of 
fat. This association of the fatty and amyloid changes is 
exceedingly common. Amyloid infiltration does not ob- 
struct the portal circulation, and hence does not cause 
ascites. It impairs the vitality of the hepatic cells, and 
thus interferes with the functions of the organ. 

AMTLOrD DEGENERATION OF THE KIDNEYS. 

The kidneys are very liable to be involved in the amy- 
loid change, and here it is the smaller blood-vessels which 
are more especially affected. It may constitute in them 
the primary lesion, or it may occur subsequently to in- 
flammatory conditions implicating the secreting and inter- 
stitial structures. As a primary change it is an important 
variety of Bright' B disease. 
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The process commences in the tnfts oi vessels which 
form the Malpighian bodies, the walls of which become 
thickened bj the infiltration of the new material, ho that 
the tnfta are iucreaeed in size. It then proceeds to the 
small afferent arteries, and tiltiniately to the vasa effe- 
rentia, and to the arteriolee rectfe which ran through the 
Dtednllarj portion of the organ. The changes produced 
in the veasela are very characteristic. Their walls are con- 
siderably thickened and their calibre is bo much dimi- 
nished that the smaUest ones cannot be artiRcally 




Amyloiil IJfgenfaHon of a 3tiilp!ghinn Tu/t md tmotl 
Anpry q/' lAr Kidniff. Showing the thickeniD^ of the walla 
of thu vessel, tbe eulargement of the cells of the circular 
muBcular coat, and tbo homogeneous layer formeil bj- the 
intima and Icmgitudiual muscuW fibres- >^ 2U0, reduced ^, 

injected. This thickening of the walla of the Tcaaela is 
mainly owing to alterations in their mnacntar coat, and 
eapecially to the ceils of the ciicnlar mnscalar layer. 
These cells are much increased in size, they are more or 
lesB globniar in shape, and many of them have loat their 
distinctive ontlines. The longitudinal mnscalar fibres and 
the most internal coat of the vessel are often seen as one 
homogeneona, glistening, structureless layer. tFig. VJ.^ 
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After the vessels have become infiltrated, and before 
those in the pyramids are affected, the deposition extends 
to the intertubular tissues of the cortex, into which the 
amyloid substance is poured, imbedding the tubuli urini- 
feri in its course. In some parts it appears that the 
exudation takes place into the tubes themselves, as the 
casts which they contain are occasionally deeply stained 
by the iodine solution : this, however, is far from being 
frequently the case. In the earlier stages of the process — 
if the organ is not the seat of any other morbid change — 
the tubes and their lining epithelium present a perfectly 
natural appearance. Many of them contain pale hyaline 
casts, which also appear in the urine. These, however, 
are probably simply exudation products ; although from 
the reaction they occasionally exhibit, it appears that 
they sometimes consist of the same material as that 
which permeates the vessels and intertubular structures. 
As the change proceeds, and the new material increases 
in amount, the tubes become compressed, and in many 
places completely obstructed. If the compression is not 
uniform, they may dilate and form small cysts. The 
epithelium, which was at first normal, owing to the in- 
terference with its nutrition, ultimately atrophies and 
undergoes fatty changes. In some cases it appears to be 
the seat of a catarrhal process, and the tubes are found 
blocked with the epithelial products. In the later stages 
of the process there is almost invariably an increase in 
the intertubular connective tissue. 

The first effect of this change is to obstruct the circu- 
lation in the cortex. The blood-vessels, diminished in 
calibre, allow little but the liquor sanguinis to pass 
through them, the passage of the blood-corpuscles being 
to a great extent prevented : hence the pallor of this 
portion of the organ. The arterial walls are so altered 
that fluids and albumen readily permeate them; and 
thus is produced the large quantity of urine, loaded with 
albumen, which characterises the earlier stages of this 
affection. As the infiltration increases, and the tubes 
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become obstructed, the nrine diminishes in quantity. The 
excretion of urea is less interfered with than in other 
forms of Bright*s disease, and hence symptoms due to its 
retention seldom occur. Tube casts are rarely numerous ; 
they are for the most part hyaline or finely granular, 
though sometimes they are covered with fatty epithelium. 
In the earlier stages of the affection, the cortex of the 
kidney is merely rather paler that natural, and perhaps 
somewhat firmer in consistence; but otherwise it pre- 
sents no abnormal appearance. It is only upon the appli- 
cation of iodine to the cut surface, or to thin washed 
sections of the organ, that its diseased condition becomes 
evident. When this test is employed, the Malpighian 
bodies at once become apparent as minute red points 
scattered through the cortex. As the disease advances, 
the size of the organ increases ; the enlargement, how- 
ever, is principally confined to the cortex. The surface is 
smooth, and the capsule separates readily. The enlarged 
cortex is remarkably pale and anaemic, and has a peculiar 
translucent, homogeneous, wax-like appearance. Its con- 
sistence is hard and firm. A few scattered vessels may 
be seen on the surface, and the bases of the pyramids 
sometimes exhibit an increased amount of vascularity. 
If iodine be poured over the cut surface, the Malpighian 
bodies and the arteries of the cortex become mapped out 
almost as clearly as in an artificial injection. The enlarged 
Malpighian bodies may indeed usually be seen as glisten- 
ing points before the iodine is applied. Frequently, the 
homogeneous appearance of the cortex is interrupted by 
minute, opaque, yellowish -white lines and markings; 
these are produced by the fatty changes in the epithelium 
of the tubes, which so commonly occur in the later stages 
of the affection. Ultimately the capsule becomes more 
or less adherent, and slight irregular depressions make 
their appearance upon the surface of the organ : the 
latter are due to atrophic changes in some of the tubes. 
If, as is usually the case, the infiltration is associated 
with an increase in the intertubular connective t\^a\3L<&,t\i^ 



80 NOTRinON IMPAIRED. 

atrophy of the organ will be more marted. (See " Inter- 
etitial Nephritia,") 

AUYLOm DEGENERATION OP TEE SFLEBH. 

Mai 

pighian corpuBclea (" Sago Spleen"), and the other in 
which the pulp appears to he chiefly implicated. The 
former is much the more common condition. In it the 
Malpighian corpuscles become in^ltrated with the amyloid 
substance and converted into translucent wax-like bodies, 
much hke boiled eago; hence its name. The process 
commences in the small arteries of the corpnscle, and it is 
only after these have become infiltrated that it eitends to 
the corpuscles themselves. The small lymphatic cells of 
which the corpnscle is made up are then involved in the 
process, they increase in size, become more irregular 
in outline, many of them coalesce, and nltimatelj the 
whole is converted into a pale, firm, translncent, gUetening 
mass. (Fig. 20.) 

Pia. 20. 




The si^o spleen is more or less enlarged ; its weight 
and density are also increased. The cut surface is smooth, 
dry, and etadded all over with small glistening sago-like 
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bodies, vaiTiiig in size from a millet to a hemp-seed, 
which are stained a reddish-brown colour by the iodine 
solution. These may become so large as to occupy a 
large portion of the organ, although in earlier stages of 
the affection they are so minute that they can only be 
seen in thin sections of the tissue. 

In the other variety of amyloid spleen, the pulpy paren- 
chyma between the corpuscles is infiltrated with the new 
material. This is probably merely an advanced stage of 
the former condition, in which the disease extends from 
the corpuscles to the surrounding pulp ; the whole organ 
being ultimately involved. Under these circumstances 
the organ often attains a considerable size, much larger 
than is met with in the sago spleen. It is remarkably 
hard and firm, and the capsule is tense and transparent. 
On section it presents a dry, homogeneous, translucent, 
bloodless surface, of a uniform dark reddish-brown colour. 
Thin sections can be readily made with a knife, the organ 
cutting like soft wax. The corpuscles are not visible as 
in the former variety, being probably obscured by the 
surrounding pulp, which has become so densely infiltrated 
with the amyloid substance. 

AMYLOID DEGENBBATION OP LYMPHATIC GLAin)S. 

In the lymphatic glands the process much resembles 
that in the spleen. The small arteries in connection with 
the follicles of the gland are the earliest seats of the 
change ; and from these it extends to the lymphoid cells. 
The follicle thus becomes ultimately converted into a 
small homogeneous mass. 

The glands are enlarged, and on section the minute 
wax-Hke bodies can often be seen scattered through 
the cortex. The cut surface is smooth, pale, and trans- 
lucent. 

As these glands are largely concerned in the formation 
of the blood-corpuscles, their implication in the amyloid 
change must to a large extent aid in producing \i\i<^ 
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emaciation and aneamia wliich characterise this affection. 
The same is true of the spleen, which is usually 
simultaneously involved. 

AMYLOID DEGENEBATION OP THE ALIMENTARY CANAL. 

The whole of the alimentary tract may be the seat of 
the amyloid change, and here it assumes an important 
aspect from the deleterious influence which it exercises 
upon the absorbent and secreting processes, and from the 
consequent impairment of the general nutrition which 
results. The disease, however, in this situation is very apt 
to escape observation, as it produces but little alteration 
in the appearance of the parts. The mucous membrane 
may look somewhat pale, translucent, and oedematous, 
but otherwise to the naked eye nothing is discoverable. 
It is only upon the application of iodine to the washed 
mucous surfaces that the nature of the' change becomes 
apparent. In the small intestine — ^which is perhaps the 
part most commonly afiected — ^the efiect of the applica- 
tion of iodine is very characteristic. A number of small 
reddish-brown points appear over the whole surface of 
the membrane ; these correspond to the intestinal villi, 
the arteries and capillaries of which are infiltrated with 
the amyloid substance. In the stomach and oesophagus 
the vessels are mapped out in a similar manner by the 
iodine solution. The change in the intestine gives rise 
to serous diarrhoea, this being probably due to an in- 
creased permeability of the infiltrated walls of the vessels. 

THE CORPOBA AMYLACEA. 

The corpora amylaoea or " amyloid bodies," so fre- 
quently met with in the nervous system, in the prostate, 
and in other parts, have usually been looked upon as more 
or less allied to the amyloid substance ; there appears, 
however, with the exception of a certain similarity in their 
behaviour with iodine and sulphuric acid, to be no con- 
nection between them. 
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They are round or oval bodies, formed of a succession 
of concentric layers, and are often changed to a deep blue 
colour by iodine, thus bearing both in their structure and 
chemical properties the strongest resemblance to granules 
of vegetable starch. (Fig. 21.) Sometimes, however, 
the blue is only exhibited 
after the subsequent addi- Fio. 21. 

tion of sulphuric acid, and 
thus a resemblance is shown 
to the amyloid substance. 
They vary in size from mi- 
croscopic granules, to bodies 
which are distinctly visible 

to the Baked eye ; sometimes ^'XH^'c^I^^^Tr 
being as much as one or two 

lines in diameter. The larger ones are usually formed by 
the conglomeration of the smaller granules, which are 
often enclosed by a common envelope. 

They occur especially in conditions of atrophy or 
softening of the nervous system; the ependyma of the 
ventricles, the white substance of the brain, the choroid 
plexus, the optic nerve and retina, and the spinal cord, 
being their favourite seats. The larger forms are met 
with most frequently in the prostate. The prostate of 
nearly every adult contains some of these bodies ; and 
they may accumulate here to such an extent as to form 
large concretions. They are occasionally met with in the 
lungs, and in mucous and serous membranes. 

As has been said, they usually exhibit a bright blue 
colour upon the application of iodine alone, although in 
some cases not until the subsequent addition of sulphuric 
acid. Many of them, however, are coloured green, or 
even brown by these reagents. The green is due to their 
admixture with nitrogenous matters, which give a yellow 
colour with iodine, and hence the combination yields a 
green. The greater the amount of nitrogenous matter 
the more brown does the colour become. 

From the laminated structure of Hieae \>o^ft^ \}t^^^ 



S4 SXTSmOST DEPAISED. 

wimH appear to be fooMd br ^kt gf^dsal pttecapitatioii 
of some BrnteraJ, layer hj lajer, jspan the sm&oe of 
frt-esistmf^ paitkieR. TVe sitne of the material, how- 
erer, does mat appear to n.aiiil 4e that of the substance 
vhick infihiateB ^Lft orgMMB ia aainrkad degeneratioii. 
The two prooe^K are so eeufatiiHj diffoesit, both in the 
cimimstaBces wader vludi tbej oocar and in the cha- 
racters and seat of the mortidprodncts, that they cannot 
be locked apoa aa ia aaj way aaalogoiis. Amyloid 
degeneiatian ia a general diaiige, ia which niunerons 
organs become infiltrated with an albaniinoid snbstanoe, 
wboeas the fonnatinn of the ooipora amylaoea is eri- 
dently of a local aatoie. Tlie latter is often preceded 
by those local atn^ihic chai^^ aasodated with advanced 
life, and a^jpears to eonsist ia the deposition of some 
starch-like material, probably liberated in the tissues 
themsdvcB, iqwu any finee body which may exist in its 
viani^. 

The corpora amylacea. especially those oocniring in 
the choroid plexus and in the lateral yentrides, are very- 
liable to became calcified, and they then constitute one 
form of " brain sand," which is so often met with in these 
situations. 



CHAPTER VIIT. 

CALCAREOUS DEGENERATION. 

Calcakeous Degeneration — or, as it is more commonly 
called, Calcification — consists in the infiltration of the 
tissues with calcareous particles. Physiologically, an in- 
filtration of calcareous particles takes place in the forma- 
tion of bone, in which lime and magnesian salts are depo- 
sited in the fibrous or cartilaginous matrix. This physio- 
logical is precisely similar to the pathological process. It 
is important, however, to distinguish simple calcification 
from ossification. In the latter there is not only a depo- 
sition of lime salts, but an acti/ue change in the tissue 
itself — a proliferation of the cellular elements, an intimate 
union of the calcareous matters with the tissue, and the 
formation of a true osseous structure in which the cal- 
careous particles are not visible. Calcification, on the 
other hand, is a purely passive process, there is no in- 
creased nutritive activity of the part, no multiplication 
of elements, no alteration of the structure, but merely an 
infiltration with calcareous particles. 

An infiltration and deposition of calcareous substances 
occurs under two opposite conditions ; one — in which 
there is an absolute increase in the amount of these con- 
stituents in the blood, and a portion of the excess becomes 
deposited in the tissues ; the other — in which there is no 
such increase ; but the deposition takes place owing to 
some alteration in the tissue itself. 

An absolute increase of the saline constituents in the 
blood, and the deposition of the excess in the tissues, is 
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mucli the less frequent form of calcification. It occnrs in 
some forms of softening of bone, especially in extensive 
caries and osteomalacia. In these diseases the lime salts 
are removed from the bone, retnmed into the blood, and 
some of them deposited in other tissues. In such cases 
the calcification is nsually more or less general — many- 
organs being simultaneously involved. In osteomalacia, 
it is not uncommon to find the kidneys, the lungs, the 
stomach, the intestines, and even the dura mater and 
liver, infiltrated to a greater or less extent -with lime salts. 
The deposition commences in the tissue immediately 
surrounding the blood-vessels from which the calcareous 
matters are derived ; — ^thus, in the lungs, the seat of the 
change is the interlobular tissue; in the stomach, the 
stroma between the glands ; and in the kidney, the tubuli 
uriniferi and the intertubular tissue. Precisely analogous 
to this form of calcification is the deposition of the 
excess of urate of soda which takes place in gout. 

In the great majority of cases, however, calcification is 
a local change, depending not upon any alteration in the 
composition of the blood, but upon changes in the tissues 
themselves, owing to which some of the saline matters 
which are normally held in solution in the blood are de- 
posited in them. The alteration in the tissues consists 
in some impairment of their nutrition, associated with a 
diminution in their amount of blood, and a retardation of 
its circulation. All those conditions which tend to pro- 
duce atrophic and retrogressive changes in a part, and at 
the same time to interfere with the circulation in it, are 
liable to be followed by its calcification. Inflammation, 
diminished nutritive supply, and general impairment of 
vitality, may all of them give rise to this process. This 
is seen in the calcification of atheromatous arteries, of 
caseous masses in the lungs and lymphatic glands, of 
many new formations, and of the blood-vessels and car- 
tilages in old people. In its morbid antecedents calcifi- 
cation thus somewhat resembles fatty degeneration, and 
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its pathological signification ia in many cases eqnallj diffi- 
cult to determine. Fattj degeneration indeed very fre- 
quently precedea the calcification, which is merely a later 
Btage of the retrograde proceaa, 

Beapectiug the canae of the depoaitioa of the calca- 
reous BDbstancea in the atrophied stractnres — it ia pro- 
bably partly owing, aa stated by Biadfleisch, to the 
etagnation of the nutritive flnids in the part, owing to 
which the free carbonic acid which appears to hold the 
salts in solution, escapes, and they are consequently 
precipitated ; and partly to the non-aasimilation of these 
fluids by the degenerated elements of the tiasne. 

The calcareous particles make their appearance both 
within the cells and in the intercellular substance ; they 
are much more frequent, however, in the latter sitnation. 
They are seen at first aa fine molecnles scattered irrega- 
larly through the intercellnlar enbstance. (Fig- ^2.) 




A CaUifipd Sar: 

mtercelluUr subsUnce To tba left of the figure 
th'>} are en abunduat as to slmoat complelflj ob- 
scure thu ceUs 1 2UU 

They are characterised when viewed bv transmitted 
light by their opacity dart black colour and irregular 
ontlme and alao by their solubility in dilute mineral 
acids They gradually increise in number until ulti- 
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mately large tracts of tissue may be converted into an 
opaqne calcareous mass, in whicli the cells are enclosed 
and can no longer be recognised. These larger masses 
have a sharp black irregular outline, and as the calcifica- 
tion becomes complete, acquire a homogeneous, glistening, 
semi-transparent appearance. The cells themselves are 
mi^ch less frequently infiltrated, being usually merely 
enclosed and obscured by the calcified intercellular sub- 
stance. Calcareous particles may, however, make their 
appearance in the protoplasm, and gradually increas- 
ing convert the cell into a homogeneous calcareous 
body. 

The calcareous matters consist for the most part of 
lime and magnesian salts, especially the phosphates and 
carbonates. If the latter are present, the addition of a 
little dilute hydrochloric acid is followed by the appear- 
ance of numerous minute air bubbles in the tissue, owing 
to the liberation of carbonic acid. In those cases in which 
calcification is associated with retained gland secretions, 
the calcareous matters will consist of the specific gland 
salts. 

A part which has become calcified undergoes no 
further change, its vitality is completely destroyed, and 
it remains as an inert mass. In this respect calcareous 
diflPers from fatty degeneration. In the latter, subsequent 
changes invariably take place ; the part either softening, 
caseating, or becoming the seat of calcification itself. It 
difiers also in its effect upon the tissue. The structure 
of the affected part is not destroyed, and there is no 
annihilation of histological elements, such as occurs in 
fatty degeneration. The tissue is simply impregnated 
with calcareous matters, which have no other effect upon 
it than to render it inert ; its vitality is destroyed, but its 
structure — in so far as the calcification is concerned — 
remains unaltered. If the saline matters are dissolved 
out with a little dilute mineral acid, the structure of the 
part may be again recognised, unless, indeed. — as is so 
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oflen the case — it has been destroyed by any antecedent 
change. 

Calcification mnst thus be looked npon in many cases 
as a salntary lesion, the impregnation with calcareous 
matters preventing subsequent changes in the part. This 
is especially the case when it is secondary to other forms 
of degeneration. It is often the most favourable termi- 
nation of the large class of fatty changes, as is exempli- 
fied by the calcification of caseous products in the lungs, 
and of many new formations. It may, on the other hand, 
under certain circumstances, be attended with most dele- 
terious consequences, as is the case when it afiects the 
arterial system. 

CALCinCATION OP ARTERIES. 

Calcification of arteries, like fatty degeneration, may 
Be a 'primary or secondary affection. As a secondary 
change it constitutes one of the terminations of the athe- 
romatous process, and as such is constantly met with in 
the aorta and its branches, and in many other situations. 
(See "Atheroma.") 

Primary calcification is much less frequent than that 
which occurs in atheromatous vessels. It is essentially a 
senile change, and is the result of that general impair- 
ment of vitality which exists in advanced life. It is asso- 
ciated with atrophy of the arterial tissues, and in some 
cases with fatty degeneration. As it is greatly dependent 
upon general malnutrition, the change is a more or less 
general one, and when occurring in one part is met with 
in others. It usually occurs in vessels of medium size, 
the arteries of the upper and lower extremities and of the 
brain being those most commonly affected. Its most 
common seat is the middle coat, where it commences in 
the muscular-fibre cells. The calcareous particles make 
their appearance at first around and within the nucleus, 
and gradually increase until they fill the cell, which be- 
comes converted into a small calcareous flake. The pro- 
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cess may go on until the muscular coat is completely 
calcified, or it may be limited to isolated portions of the 
coat, giving rise to numerous calcareous rings and plates 
which are irregularly distributed throughout it. From 
the muscular, it may extend to the external and in- 
ternal coats until ultimately the vessel becomes calcified 
throughout. 

The vessel thus calcified, loses its elasticity and con- 
tractility ; its lumen is diminished, and it is transformed 
into a hard, rigid, brittle tube. This condition is common 
in the external iliac and in the vessels of the lower ex- 
tremity, where it is a frequent cause of senile gangrene. 
(See " Senile Gangrene.") 



CHAPTER IX. 

PIGMENTAEY DEGENERATION. 

PiGMENTABY Degeneration, or Pigmentation, consists in 
an abnormal formation of pigment in tlie tissnes. All 
true pigments are derived from tlie colonring matter of 
the blood. Physiologically, many of them are eliminated 
by the kidneys and liver; others are deposited in the 
tissnes and there remain parmanent. The choroid coat 
of the eye and the skin of the negro, are well-known 
examples of tissues in which there is this permanent 
accumulation of pigment. The cells in these situations 
appear to be endued ydth a special power to abstract the 
colouring matters from the blood, and to store them up 
in their interior, where they undergo certain chemical 
changes and become converted into pigment. 

In the pathological process also, the pigment is derived 
from the same source, although its presence in the tissues 
is rarely dependent upon any abnormal secreting powers 
in their cellular elements, but is usually the result of 
certain changes in the circulation or in the blood-vessels, 
owing to which the colouring matter of the blood escapes 
and infiltrates the surrounding parts. This escape of 
haemoglobin may be owing to rupture of the vessels 
themselves, or to conditions of congestion or stasis in 
which the blood-corpuscles and liquor sanguinis pass 
through their walls. In either case the haemoglobin will 
permeate the tissues and ultimately be converted into 
pigment. Rupture of the vessels and the direct extrava- 
sation of blood, is, however, the most common antecedent 
of the pigmentary change. Soon after tke ex\.iai\^'e»^\AsycL 
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has taken place, the hasmoglobin escapes from the red 
blood-corpnscles, either by exudation or by destruction 
of the corpuscle, and mixed with the liquor sanguinis, 
inlUtrates the surrounding tissues. The red blood-cor- 
puscles themselves may also penetrate the adjacent cells 
(Langhans). In other cases the process takes place with- 
out any solution of continuity in the walls of the vessel. 
This frequently occurs in conditions of inflammatory 
stasis and mechanical congestion, in which the red cor- 
puscles pass through the walls of the capillaries, and 
some of the haemoglobin is also liberated from the cor- 
puscles within the vessels, from which it transudes, dis- 
solved in the liquor sanguinis, without rupture having 
taken place. In whichever of these ways the haemoglobin 
is derived, it infiltrates the tissues, staining both the cells 
and the intercellular substance a yellowish or brownish- 
red colour. It is taken up, however, more readily by 
the cells than by the intercellular substance or by mem- 
branous or fibrous structures. 

After the haemoglobin has remained in the tissue for 
some length of time, it undergoes certain changes : — It 
becomes darker and more or less granular, minute red- 
dish-brown or black granules and crystals make their 
appearance both in the cells and in the intercellular sub- 
stance, and these may gradually increase and form larger 
masses. This change in the extravasated haemoglobin is 
a chemical one, and the substance into which it is con- 
verted is hcematoidin. Haematoidin appears to be closely 
allied to tlie colouring matter of the bile, cholepyrrhin, 
which is also a derivative of haemoglobin. It exhibits 
similar reactions when treated with concentrated mineral 
acids, displaying the same variations of green, blue, rose, 
and yellow colours. It is insoluble in water, alcohol, 
ether, and in dilute mineral acids and alkalies ; it is 
soluble in the caustic alkalies giving a red colour. It 
contains more carbon than haemoglobin ; and it also con- 
taina iron. 

The granules of haBmatoidin vary in size from the 



PIGMENTARY DEGENERATION. 93 

smallest particles to masses as large as a red blood-cor- 
puscle. (Kg. 23.) The larger ones are round, or more 
commonly irregular in shape, and have a sharp defined 
border. Their colour varies from yellow, red, and brown, 
to black. These variations appear to depend upon the 
age of the granules and the tissue in which they are 
formed; the older they are the blacker they become. 
The smaller granules are usually dull and opaque ; the 
larger ones, however, often present a more or less ghsten- 
ing appearance. The crystals of hsematoidin are opaque 
rhombic prisms, usually of a beautiful yellowish-red or 
ruby-red colour, sometimes approaching to brown or 

Fig. 23 Fig. 24. 





Cells containing pigment. Hcematoidin (crystals. 

From a melanotic sarcoma (Virchow.) 

of the liver, x 350. 

black. They may also occur as little plates and fine 
needles, but these are less common forms. (Fig. 24.) They 
are in most cases so small that considerable care is re- 
quired to recognise their crystalline nature under the 
microscope, and they may easily be overlooked as merely 
irregular granular masses. In some cases, however, they 
attain a larger size. They are more or less transparent, 
and present a shining strongly refracting surface. 

Whether the haBmoglobin is converted into granular or 
crystalline haematoidin appears partly to depend upon 
the tissue in which it is situated, the crystals being ex- 
ceedingly common in some situations, as in the brain and 
ovaries, whereas in otheiB, as mucouB meiii\ixa»\i^^, q\^^ 
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tlie granules are met with. Both the granules and 
ciystals are characterised by their durabihty and by their 
great powers of resistance; when once formed they 
undergo no further change. 

Those forms of pigment — ^both granular and crystal- 
line — ^which are of an intensely black colour, have been 
supposed to consist of a substance which differs in che- 
mical composition from hsematoidin, and which has been 
called melanin. There appears, however, to be no foun- 
dation for such a distinction. Melanin is probably merely 
hasmatoidin, which has become more or less altered by 
age. It is endued with greater powers of resistance, being 
less readily soluble in reagents than the more recently 
formed haBmatoidin, and it contains more carbon. 

Pigmentation, although one of the most common and 
universal forms of degeneration, is of comparatively little 
importance as a morbid process. The mere existence of 
pigment within and between the histological elements of 
the tissues, has in itself but little influence upon their 
vitality and functions. The atrophy and impairment of 
function which so frequently accompany it, must rather 
be looked upon as the result of those conditions upon 
which the formation of the pigment depends, than as in 
any way owing to the presence of the pigment itself. 

As evidence of other antecedent conditions, pigmentation 
assumes a more important aspect. The pigment being 
derived from extravasated haemoglobin, in whatever situa- 
tions it occurs, it is usually to be looked upon as the result 
of some alteration in the circulation or in the blood-vessels, 
owing to which the escape of the colouring matter is per- 
mitted. Exceptions to this exist, however, in the case of 
certain pigmented new formations, in which the presence 
of the pigment appears to be mainly owing to the selective 
power of the cells ; these, like those of the choroid, sepa- 
rating the colouring matter from the blood. It is those 
growths which originate in tissues normally containing 
/>i^ment, as the choroid and rete mucosum, which are 
most frequently melanoiiQ, (See " Melanotic Sarcoma.") 
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In Melansemia, again, the large qnantities of pigment 
which exist in the blood, are the result of a local formation 
— for the most part by the spleen. Lastly, in Addison's 
disease, the pathology of the pigmentation of the skin is 
at present involved in obscurity. 

Pigment is often the only evidence of a former ex- 
travasation. This is frequently the case in cerebral 
hsBmorrhage, where the crystals of haematoidin may be 
all that remains to indicate that rupture of the capillaries 
has taken place. In the ovaries, aJso, the slight haemor- 
rhage which follows the escape of the ovum at each men- 
strual period, is marked by the formation of pigment 
which constitutes the " corpus luteum." In mechanical 
congestion and inflammation, again, the consequent pig- 
mentation may be the principal evidence of the former 
existence of these conditions : this is especially seen in 
pigmentation of the mucous membrane of the stomach 
and intestines. The formation of pigment is thus, with 
the few exceptions above named, the result of some ante- 
cedent change in the blood-vessels or circulation ; and its 
presence in the tissues appears to be little more than a 
testimony to the existence of those processes upon which 
its formation depends. 

Fai;se Pigmentation. — ^Tbere are certain forms of dis- 
coloration of the tissues which are not due to the presence 
of haematoidin : these must be distinguished from true 
pigmentation. The most important of them, and that 
which is most closely allied to the process already de- 
scribed, is the staining of the tissues with the colouring 
matter of the bile, which is itself a derivative of haemo- 
globin, and is, as before stated, very analogous to haema- 
toidin. This yellow staining may affect nearly all the 
tissues, constituting "jaundice;" or it may occur in the 
Uver alone, from local obstructions to the small bile-ducts, 
as is often seen in cirrhosis of that organ. In these cases, 
however, there is merely the staining of the tissues with 
the colouring matter of the bile, and no subsequent con- 
version of this into pigment. 
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The discoloration cansed by the long-continned use of 
the salts of silver mnst also be distinguished from true 
pigmentation : the colour here is due to the deposition of 
the silver in the tissues. The black colour of gangrenous 
parts, and that sometimes produced by the effusion of 
large quantities of blood into the tissues, must again not 
be confounded with pigmentation. The discoloration in 
these cases is the result of the action of the sulphuretted 
hydrogen npon the colouring matter of the blood. The 
greenish-black discoloration so often seen on the surface 
of the liver, kidneys, and other abdominal organs after 
death, is in the same manner due to the intestinal gases. 
Lastly, the minute particles of inhaled carbon which are 
always met with in the lungs, must be distinguished from 
true pigment. 

PIGMENTATION OF THE LUNGS. 

In no organs is pigment met with so frequently and in 
such large quantities as in the lungs, and here much dis- 
cussion has arisen as to its nature and origin. The lungs 
normally contain more or less black pigment, the amount 
of which gradually increases with advancing age — ^the 
lungs of infants and young children being almost free 
from it, whereas those of adults invariably contain it in 
considerable quantities. 

This normal pigmentation of the lungs is principally 
due to the presence of carbon, and not to that of true 
haematoidin-pigment. The carbon — which is derived from 
the incomplete combustion of wood, coal, and other sub- 
stances, and is always present in varying quantities in 
the atmosphere — ^is inhaled, and the minute particles pass 
into the finest bronchial tubes. Having entered the 
bronchi, many of them are taken up by the mucus- 
corpuscles, where they may be seen as small black gra- 
nules within the cells. These may readily be observed 
in the cells of the greyish-black sputum which is so fre- 
quently expectorated in the early morning. Much of the 
carbon thus inhaled is eliminated by expectoration ; many 
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of the particles, however, pass into the air-vesicleB, and 
here their removal by thia means being leas readily 
effected, ihaj gradually penetrate the pulmonary enb- 
Btance, and make their way into ihe alveolar waUe and 
interlobular tissue. It is in those Bttnationa that moat 
of the pnlmonary pigment is found, and there it may be 
seen either within the connective tissne-ceUs, or lying 
&ee amongst the fibres. (Fig. 25.) 




vomui, at> aixty-Gre, with 
XioTi of the pi^^ent im the 
■d tho blood-veeael o. x 75. 

The means by which the particles of carbon penetrate 
the walls of tbe air-vesicles, and make tbeir way into the 
inter- alveolar tisane, has recently been explained by the 
researcbes of Dr. Klein on the histology of the Inngs.* 
Dr. Klein finda that tie branched connective-tissue cells 
of the alveolar walls send a proceBs, or a greater or less 
portion of their body, between the epithelial cells of the 
alveolae inte the alveolar cavity. Ab these connective- 
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tissue cells lie in the serous canals whicli constitute the 
commencement of the perivascular lymphatics, it is easy 
to understand how these openings in the alveolar walls 
(pseudostomata) may become sufficiently distended to allow 
cells and other substances to pass through them from the 
alveolar cavity into the inter-alveolar tissue. 

When once the carbon has made its way into the inter- 
lobular tissue, some of it is taken up by the fixed cells in 
this situation, whilst that which is not thus detained, 
passes on to the lymphatics, and is deposited in the 
bronchial lymphatic glands, where the black particles are 
also visible. 

Closely allied to this physiological pigmentation of the 
lung from the inhalation of carbon, are those morbid con- 
ditions which result from the inhalation of particles of 
coal, stone, iron, and other substances, — of which the 
lungs of miners, stonemasons, and grinders afford fre- 
quent examples. Here also minute particles enter the 
bronchi, penetrate the walls of the alveoli, and are de- 
posited principally in the interstitial tissue. In the 
case of miners — ^in which this is most common — the par- 
ticles of coal enter the lungs in such large quantities as 
to give to them a uniform dark black colour. In stone- 
masons, grinders, &c., the lungs also become deeply 
pigmented, although to a less extent than those of 
miners. 

The black colour of the lungs in these cases, however, is 
not entirely due to the presence of the inhaled substances, 
but partly to that of true hsBmatoidin-pigment. The in- 
halation of the irritating particles sets up inflammatory 
changes in the bronchi and pulmonary tissue, causing 
chronic bronchitis, chronic lobular pneumonia, and a large 
increase in the fibrous tissue of the lungs, which thus 
ultimately become consolidated, excavated, tough, and 
fibrous. (" Colliers" and " Knife-grinders' Phthisis," &c.) 
Owing to these structural changes there is a considerable 
escape of colouring matter, either from rupture of the 
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capillaries or transndation of semin, and hence a large 
formation of true pigment; and to this true pigment 
much of the dark colour of these lungs must undoubtedly 
be ascribed. The lungs of stonemasons and grinders are, 
like those of miners, deeply pigmented, although to a less 
d^ree, but the black colour in the former cases cannot be 
entirely accounted for on the supposition that it is due to 
the presence of inhaled particles. 

Pigmentation of the lungs from the presence of hsBma- 
toidin occurs as the result of many other morbid condi- 
tions, many diseases of these organs being attended by 
the formation of pigment. In chronic phthisis, pigmen- 
tation occurs, psurtly as the result of the inflammatory 
process, and partly from the obstruction of the vessels 
caused by the new growth : — lines of pigment are con- 
stantly seen surrounding the nodules of consolidation. 
In acute croupous pneumonia, the blood which is . extra- 

FiG. 26. 




CeK* from the sputum of acute Bronchitis. Showing 
the minute granules of pignaent within the cells. 
Some of the cells also contain a few fatty mole- 
cules. X 400. 

Tasated into the air- vesicles, and which in the early stages 
gives to the expectoration a rusty or prune-juice colour, 
subsequently becomes converted into pigment, and the 
sputum becomes of a greyish-black ; the pigment granules 
being visible in the newly formed cells. The cells met 
with in the sputum of bronchitis also contain gr^.-a.xjl'&'a cA 



lOO sTEsmosr iMPAntinx 

piffcaent (T%. fS\ ; and p i gment ati on jdays an important 
part in the romtition of the liuigs known as brown indn- 
rasion. (See ^ Brown Indnradon at the Lungs.") 

Pigment in the famg asoanj oocon as black irr^rolar 
granules ; it is raz^ met with in a erystalline form. In 
all cases in which it is foond in an j qnantitj in the Inng 
it is abo foond in the bronchial glands. It is taken up 
brthe lymphatics and, like the inhaled carbon, it becomes 
arrested in its passage through these glands, where it 
remains permanently. 



CHAPTER X. 

!nSSUE-CHANGES IN PYREXIA. 

It is proposed in the present chapter to allude very 
briefly to those alterations ia the tissues which are met 
with in certain pyrexial diseases, to which have been 
applied the terms " parenchymatous" or " granular dege- 
neration," " albuminous iufiltration," " acute," or " cloudy 
swelling." 

It is well known that in most diseases which are accom- 
panied by a considerable elevation of the bodily tempe- 
rature, and especially in those in which the blood has 
undergone marked changes, the organs and tissues are 
found much altered after death. The diseases in which 
such alterations are most frequently met with are pyaemia, 
erysipelas, typhus, typhoid, and other acute specific fevers, 
and acute rheumatism. They also occur in other diseases 
which are attended by considerable pyrexia; and the 
amount of tissue-alteration usually bears — coeteris paribus 
— a direct relation to the amount of the pyrexia. The 
organs in which the alterations are more especially marked 
are the liver, the kidneys, the heart and muscles, and the 

lUDgS. 

The physical characters of the altered organs vary. It 
may, however, be stated generally that the organs are 
more or less swollen and opaque, somewhat diminished in 
consistence, and abnormally friable. Their vascularity is 
in some cases diminished, in others slightly increased. 
When examined microscopically, the cellular elements ^t^ 
found to be mcreased in size, and tlaeir -i^ToW^^^tCL 
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martedlj granulai', bo that, in some caeea, the nndeiu is 
BO mnch obBcnrod as to be iudiBtingniBbable. (Fig. 27.) 
The graniilaT condition of the protoplasm appeare ia 
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most cases to be dne to albnmiitoiis particles, inasmuclt 
as it diaappearB upon the addition of dilute acetic acid. 
In other cases, however, in which the change is apparently 
more advanced, the grannies are larger, insolnble in acetdo 
acid, and obTionsly fatty. 

The JAvfT. — Here the change ia nsnally met with in its 
most marked degree. The organ ib slightly enlarged, 
abnormally soft and friable, and the cut-snr&ce has a 
dull opaque look, being paler than natural. The liver 
cells are swollen and granular, and in many cases contain 
fatty particles. (See Pig. 27.) 

The Kidaeye. — In the kidnejB the chaoge affects espe' 
cially the cortei. This ia awcJIen, opaqne, and friable. 
The Malpighian bodies and the pyramids are usually 
abnormally vascular, and thus contrast with the pale 
cortei. The epithelium in the tubes of the cortei pre* 
I^KD^ the appear&n<XB above described. These are pre- 
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ciael; aiimlar to those met with in the earlier stages of 
tnhal nephritia. (See Fig. 104.) 

The Seart.—The alteration produced in the heart eon- 
sigts in slight opacity, pallor, and diminution in the con- 
eistfluce of the muscular tisBue. Under the microscope 
the mascnlar fihrea are seen to have lost their distinct 
atriation and to be finely granular. (Fig. 28.) Such a 
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>e filsBB and the loss of their 
atriation. x 400. 

condition mnst materially interfere with the cotttra:Ctile 
power of the organ. A similaj' change is met with less 
frequently in other muscles. 

The Langs. — The change in the lui^s has been descrihed 
by Bohl as consisting in swelling of the alveolar epi- 
thelium. The epithelial elements are markedly granular 
from iJie presence of albuminous and fatty particles, and 
they become loosened from the alveolar walls. The 
change affects, more or less, the whole of both lungs. 
The organs are enlarged, cedematoos, and abaormally 
friable.* 

This change occurs not only in pyrexia, but also in the 
earlier stages of the process of inflammation. Here also 
a swollen and granular condition of the protoplasm is 
met with, especially in epithelial and endothehal elements. 
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It is to this that Vircliow gave the name of "cloudy 
swelling." (See chapter on " Inflammation.") 

Respecting the nature of the change — nothing is cer- 
tainly known. Dr. Wickham Legg produced it arti- 
ficially in animals by submitting them to a high tem- 
perature, and he, in common with some other pathologists, 
is inclined to look upon it simply as a result of the high 
temperature. An exact knowledge of its pathology, 
however, must probably await further accurate expe- 
rimental investigation. In the meantime, when it is 
borne in mind tiiat the conditions in which it occurs — 
fever and inflammation, are both attended by marked 
alterations in the nutritive processes, and that in ad- 
vanced degrees of the change it is accompanied by more 
or less fatty metamorphosis, it may be regarded as pro- 
bable that its occurrence will be found to be due partly to 
interference with the normal processes of tissue-oxidation, 
and partly to increased transformation of the protoplasm 
of the cells. (See " General Pathology of Fatty Dege- 
neration.") 

Whatever be the nature of the change, there can be no 
doubt that it must very materially interfere with function, 
and that its supervention in the course of acute disease — 
especially when aflfecting the heart — must constitute a 
most important source of danger. 




CHAPTER XI. 

NUTRITION INCREASED. 

The morbid changes thus far described, have been at- 
tended either by a/rrest or by vmpai/rment of nntrition ; — 
those remain to be considered in which the nutritive ac- 
tivity is vncreaaed. They include Hypertrophy and the 
New Formations. 

Hypertrophy. 

Hypertrophy is an increase in the amount of a tissue, 
owing to an increase ^n the size, or to an increase in the 
number, of its histological elements. This increase, 
however, in order to constitute hypertrophy must affect 
those elements more especially upon which the peculiar 
functions of the part depend ; in muscle, for example, 
the muscular fibres, in the kidney — ^the urine-tubes and 
blood-vessels. 

When this increase in the amount of the tissue is 
owing simply to an increase in the size of the elements of 
which it is composed, it is termed simple hypertrophy ; 
when to an increase in their number, and to the forma- 
tion of a new tissue, numerical hypertrophy, or hyper' 
plasia. The two forms of hypertrophy are thus com- 
parable with the two forms of atrophy : — in simple 
hypertrophy as in simple atrophy, there is merely an 
alteration in the size ; in numerical — an alteration in the 
vtAJumher of the elements. 

Hypertrophy is in most cases the result of an increa.^^ 
in the fanctionaJ activity of the tissue, \ihi^ mo.t^'d^^^^ 
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activity being indnced by a necessity for some increased 
manifestation of function ; in mnscle, for example, in order 
to overcome some obstruction, in a secreting organ — ^to 
secrete more fluid. Such hypertrophies are consequently 
consei'vative in their nature, and they are usually spoken 
of as functional hypertrophies. 

It is in muscular tissue that functional hypertrophy is 
most frequently met with. Examples of it are furnished 
by the hypertrophy of the muscles of the calf in ballet 
dancers ; also by the hypertrophy of a hollow viscus from 
obstruction to the exit of its contents — as of the heart 
from obstruction at the valvular orifices or in the course 
of the circulation, of the muscular coat of the stomach 
in stricture of the pylorus, of the intestine above a per- 
manent stricture, and of the bladder in stricture of the 
urethra. The kidney also may become hypertrophied, 
owing to the loss or incapacity of its fellow. In bone, 
hypertrophy of the fibula has been observed in cases of 
disease, or ununited fracture of the tibia. In all these 
cases the necessity for increased actmty leads to increased 
development. 

In exceptional cases hypertrophy is not dependent 
upon an increase in the functional activity of the tissue. 
It may sometimes result from an increased supply of 
blood to a part, and there are some forms of hypertrophy 
which are congenital. 

The term " hypertrophy" is also frequently applied to 
those enlargements of organs which result from| long- 
continued irritation; as to enlargements of the lym- 
phatic glands, of the tonsils, and of the prostate gland. 
Such growths, however, are some of them inflammatory 
in their nature, others come more properly within the 
category of " tumours." 



CHAPTER XIL 

THE NEW FOKMATIONS. 

Ikcreased nutritive activity of a tissue — as has been seen 
in the preceding chapter — leads not only to the enlarge- 
ment of its component elements, but also to the produc- 
tion of new ones. It is this production of new elements, 
and the various structures to which they give rise, that 
constitutes the New Formations. The New Forma- 
tions comprise both mflamrrvaiory and n(m-inflarn/matory 
growths. 

The i/nflammatory new formations differ from the non- 
inflammatory in being caused by some injury y upon the 
removal of which the process of growth usually ceases. 
They are characterised by their instability : they either 
rapidly undergo retrogressive changes, or, at the most, 
form a tissue which in its structure and life is similar to 
that from which they originated. Their tendency is gra- 
dually to approximate to a healthy condition, and, not 
like the non-inflammatory growths, continuously to in- 
crease. These will be treated of in the chapters on 
" Inflammation." 

The non-inflammatory new formations are divisible 
into — ^the Regenerations, the Hyperplasias, and the 
Tumours. 

The regeneration of lost or destroyed tissue belongs 
rather to the domain of normal than of pathological his- 
tology, and needs here no further consideration. 

The Hyperplasias are new formations of tissue ^\i\Oa. 
in structure and formation are similar to that iTOTa.^\iA.0a. 
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they originated. Sucli new formation has been seen in 
the preceding chapter to occnr in many cases of hyper- 
trophy (nnmerical hypertrophy). Most frequently, how- 
ever, a hyperplastic process gives rise to growths which 
come within the category of tnmonrs. This is seen, for 
example, in a localised hyperplasia of the papillary layer 
of the skin leading to the formation of a papilloma. 

The tnmonrs, much the most important class of new 
formations, must be treated of more f ally. 

The Tumoubs. 

The tnmonrs are new formations which in their deve- 
lopment and growth are characterised by their indepen- 
dence of the rest of the body ; they increase in size by 
virtue of their own inherent activity, which differs from, 
and is, to a great extent, independent of that of the sur- 
rounding tissues. Having attained a certain size, they 
either remain permanent, or, more frequently, tend con- 
tinuously to increase. 

Whatever be the nature of the tumour it is always the 
direct product of the elements of a pre-existing tissue, 
these elements being in some cases migrated white blood- 
corpuscles. In order therefore to understand the patho- 
logy of. the tumours, it is necessary to be intimately 
acquainted with the histology and mode of development 
of the normal tissues. 

Etiology of Tumours. — As tumours are the result of 
the iQcreased nutritive activity of the elements from 
which they originate, it will be readily understood that 
their causes must for the most part be obscure, and that 
in many cases all that can be said is, that the new growth 
is the result of the spontaneous activity of the elements 
from which it springs. Sometimes, however, the causes 
are either wholly or partially ascertainable. They may 
be divided into (constitutional predisposing, and di/rect 
exciting, causes. 

,Oon8tUutional Predisposing Causes. — That many tu- 
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monrs owe their origin to some constitutional taint, liaa 
long been a nniversally accepted pathological doctrine. 
The constitutional cause has frequently been regarded as 
a general one, as consisting either in some alteration in 
the constitution of the blood, or in some abnormal condi- 
tion of the physiological processes throughout the entire 
organism. It was formerly supposed that many new for- 
mations were the result of an exudation from the blood- 
vessels, and that the elements of the growth were produced 
spontaneously in the exuded structureless blastema. Such 
growths were looked upon as the local expression of a 
vitiated constitution of the blood, — a dyscrasia. Although 
this hypothesis is now universally abandoned, and aU 
new formations are known to origiuate from pre-existing 
cellular elements, an alteration in the constitution of the 
blood or in the performance of the physiological processes 
throughout the body, is still regarded by many as playing 
an important part in their causation. 

It is the maHgnant tumours which are thus supposed 
to owe their origin to the existence of a general constitu- 
tional taint. These growths are said to be of a constitu- 
tional origin, in contradistinction to the non-malignant 
growths, which are looked upon as purely local. This 
hypothesis is principally based upon the clinical charac- 
teristics of the malignant growths — their tendency to 
recur after removal, their multiplicity, and the difficulty 
or impossibility of completely eradicating them. 

It is said that the development of malignant growths 
is frequently preceded by an unhealthy state of the con- 
stitution — a cachexia. In the majority of cases of maHg- 
nant formation, however, there is no evidence of any such 
cachexia preceding the local growth. The individual is 
usually in good health at the time of the occurrence of 
the primary tumour. The general impairment of nutri- 
tion and emaciation, which constitute the cachexia, are 
secondary to the local growths, and are in direct propor- 
tion to their extent and situation: — the more extended 
the local lesions, the greater the amouiit oi ^Bc\i"a.T^e, ^iJwi 
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more the lymphatics and the digestive organs are in- 
volved, the more marked is the attendant cachexia. 

The multiplicity of malignant growths is also adduced 
as an argument in favour of the existence of a general 
constitutional taint. The fact that malignant growths 
are frequently multiple, constitutes in itself no ground 
for such a conclusion. The multiplicity is for the most 
part a secondary phenomenon, the secondary tumours 
resulting from infection by the primary one. Simple 
prvmary multiplicity is not so characteristic of malignant 
as of many other tumours — ^the lipomata, fibromata, seba- 
ceous tumours, and warts, are all more often primarily 
multiple than cancer. Multiplicity in many cases is evi- 
dence rather of a local than of a general taint. In scro- 
fula, for example, the lymphatic glands generally are 
prone to become the seats of new growth, and tumours 
are often multiple in bone without occurring in other 
tissues. In such cases there would appear to be a local 
rather than a general cause. 

The recurrence of the malignant growth after removal 
at the seat of the operation, may again be owing to the 
removal having been incomplete, some of the proliferating 
elements of the growth having been left behind. The 
cellular elements of malignant tumours often extend into 
the adjacent tissues for some distance beyond the appa- 
rent confines of the tumour, and as the physical characters 
of the infiltrated tissues differ in no way from those of 
the healthy, there are no means of certainly determining 
how far wide of the txunour the incision must be carried 
in order to include the whole of the affected structures. 
(See " Malignancy.") A tendency to local recurrence is 
a property possessed by many growths, and it can be 
explained on local grounds without the necessity of ad- 
mitting the existence of a general taint. 

Lastly, the fact that malignant growths are usually 

followed by the development of similar growths in the 

lymphatic glands and in internal organs, may in most 

aasea be more readily explained — as will be seen when 
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speaking of " malignancy" — ^by regarding these as the 
result of infection by the primary tumour, than by as- 
scribing them to the existence of a common constitutional 
cause. 

The reasons already adduced in a preceding chapter (see 
" Introduction"), for considering all changes in the con- 
stitution of the blood as secondary to local causes, would 
appear of themselves to be suflEicient to render untenable 
the hypothesis of a pri/ma/t'y blood dyscrasia. Any ab- 
normal condition of the blood which may be associated 
with the development of malignant tumours must pro- 
bably be regarded as resulting either from the absorption 
of deleterious substances, from the entrance into it of the 
elements of the growth, from the drain of an attendant 
discharge, or from interference with the processes of di- 
gestion, assimilation, or secretion, or with the formation 
of the blood itself. At the same time it must be borne in 
mind, when discussing the possibility of the development 
of malignant growths being the result of a "blood- 
disease," that the emigration of white blood-corpuscles 
may play some part in the process. How far this is the 
case, as will be seen hereafter, we are at present unable to 
determine. "We know that this emigration constitutes a 
prominent feature in the process of inflammation, and if 
fature researches should show that it also occurs in the 
development of malignant new formations whilst in those 
which are non-malignant it is entirely wanting, it would 
go far towards rendering the existence of a malignant 
dyscrasia beyond dispute. In the present position of our 
knowledge, however, in which it is only prohahle that an 
emigration of leucocytes may play some part in the de- 
velopment of all new growths, both innocent and malig- 
nant, any argument in favour of the existence of a blood- 
dyscrasia as the cause of the development of the latter 
based upon such considerations would be unjustifiable. 
If an emigration of leucocytes does take place, it is more 
in accordance with facts and with the general history of 
malignant growths to suppose the existence oi aom^ ^^^m- 
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liarity in the tissues into whicli tlie elements escape 
which determines their special development. 

Although there wonld thus appear to be no necessity 
to admit the existence of a general constitutional cause in 
order to explain the clinical characters which constitute 
malignancy, there can be no doubt that the development 
of many growths, both innocent and malignant, is 
materially influenced by con stitutional conditions. Certain 
conditions of the constitution may favowr the develop- 
ment of tumours, just in the same way that they favour, 
for example, the development of syphilitic lesions. In 
both cases the local processes may be modified by the 
general constitutional state. In the case of tumours 
it must be admitted as possible that the constitutional 
influence may be sufficient in itself to determine the 
development of the new growth; and this possibility 
must be borne in mind in accounting for the develop- 
ment of secondary maUgnant growths, as although these 
may result from infection, they may perhaps in some 
cases owe their origin to the same causes as those which 
induced the primary one. 

The influence of hereditary ^predisposition must also 
be taken into account in studying the etiology of 
tumours. This influence is marked in the case of many 
growths, both malignant and benign. The inherited 
peculiarity is probably, in most cases, a local rather than 
a general one, consisting in some constitutional peculiarity 
of the tissues from which the new growths originate, 
some peculiarity which renders them more prone than 
other tissues to undergo abnormal development. In 
scrofula, for example, which is a markedly hereditary 
disease, the tendency of the lymphatic glands to undergo 
excessive development from very slight degrees of irrita- 
tion, is probably to be regarded as owing to a predisposi- 
tion of the glands themselves,^ and not to any general 
constitutional state. The same is probably true of many 
other constitutional tendencies. Naevi, tumours of the 
skin^ uterus^ mammas, stomach, and of other parts, are 
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again all unquestionably sometimes hereditary ; and here 
also the tendency woald appear to consist in a pre- 
disposition of the tissues themselves to become the seats 
of new formations. 

The tendency sometimes observed in particula/r tissues 
to generate new formations, points again to a local cause. 
The osseous system, for example, may be the seat of new 
growths — tumours occurring in nearly all the bones, and 
not being met with in other parts. Tumours may in the 
same way be multiple in other tissues. 

Direct Exdtvng Gcmses. — The existence of a direct ex- 
citing cause is more capable of demonstration than a con- 
stitutional one. It consists either in some direct irritation 
of a tissue, which is by this means stimulated to increased 
development ; or in the migration or transmission of ele- 
ments from some primary growth, which by proliferating 
themselves, or causing proliferation, in the tissues in 
which they lodge, constitute the centres of secondary 
formations. 

The direct irritation of a tissue may be owing to me- 
chanical or chemical irritants. Simple mechanical or 
chemical irritation can, however, under no circumstances 
be the only cause of the development of the growth. The 
effect of such irritations alone, is to cause an inflammatory 
formation ; in order for them to produce a non-inflamma- 
tory one — a timiour, there must be some special predis- 
position of the tissue itself : — ^the irritation can merely 
determine its development. The influence of simple 
irritation in the production of new formations is exem- 
plified by the frequent occurrence of epithelioma on the 
lips of smokers, from the irritation of the pipe ; and on 
the penis and scrotum of chimney-sweepers, from the 
irritation of the soot (" chimney-sweeps' cancer"). The 
numerous recorded instances of the development of a 
tumour following some external violence or injury, leave 
little doubt that these also sometimes stand to one 
another in the relation of cause and effect. Lastly, aa 
poiQted out by Virchow, it is those organa yAiiOo. ^^t^ \)cife 



114 NUTRITION INCREASED. 

most exposed to irritation from external cansefi, as the 
stomacli, the ntems, the mammary-gland, and the rectom, 
which are especially liable to become the seats of new 
growths. 

The influence of elements, which have either migrated 
or been conveyed from their original habitat, in cansing 
the development of new formations is exemplified by the 
history of malignant tumours. It is by this means that 
the secondary tumours most frequently originate. The 
elements, which either migrate spontaneously from the 
primary growth, or are carried by the blood or lymph 
streams, may proliferate in the tissue in which they 
lodge, and so develop into secondary formations. 

In other cases it is also exceedingly probable, as pointed 
out by Dr. Creighton,* that the elements (either cells or 
minute particles) which are transmitted from the pri- 
mary tumour cause the production of secondary tumours 
by virtue of an influence on the cells of the tissue 
where they lodge, which may be termed a sp&ifnatic 
mfluence, and which is strictly comparable with that of 
the sperm-cell on the ovum. In such cases the relation of 
the primary to the secondary tumour is that of parent to 
offspring- This subject will be again alluded to when 
speaking of " Malignancy" 

Development. — In studying the development of the 
tumours, it is important, in the first place, to bear in 
miud what has been already stated — viz., that they are 
in all cases the direct product of pre-existing cellular 
elements. In their development they also resemble the 
normal tissues : — every pathological growth has its phy- 
siological prototype. 

The elements from which tumours most frequently 
originate are those belonging to the common connecti/ue 
tissue, and to the blood-vessels and lymphatic system 
with which it is so intimately associated. By common 
connective tissue is meant that tissue which in all parts 

* DIscusaion on Cancer, " Trans. Path. Soc. Lond.," X874, p. 868. 
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snrroimds tlie blood-vessels, and is so uniyersally dis- 
tributed tbrougbont the entire organism. This must be 
carefully distingnisbed from the formed connective sub- 
stances — ^tendon, cartilage, bone, &c. In this common 
connective tissue we distinguish two kinds of cells — ^the 
stable cells (connective tissue corpuscles), and the mobile 
ceUs, which are probably wandering white blood-corpuscles. 
These cells are in intimate relation with the endothelium 
of the lymphatics, the latter vessels commencing as serous 
canals which are universally distributed in the tissue. 
Further — ^both the endothelium of the lymphatics and 
that of the blood-vessels closely resemble in their physio- 
logical functions the fixed cells of the connective tissue. 

In the process of development of tumours from this 
common connective tissue, the part which is played by 
the different cellular elements cannot in our present state 
of knowledge be certainly stated. It is, however, pro- 
bable that it is the mobile cells which are principally con- 
cerned. These cells are the most active, and consequently 
the most capable of multiplying by division. It is equally 
probable that the number of these mobile cells is ma- 
terially increased by an abundant emigration of white 
blood-corpuscles from the vessels. Respecting the fixed 
connective tissue cells and the endothelium of the blood- 
vessels and lymphatics — it must be admitted that these, 
although perhaps inferior in their formative powers, also 
undergo active changes, and thus increase the number 
of the newly formed elements. In the case of these fixed 
cells, the process of cell-formation is probably very fre- 
quently effected by means of vacuolation and endogenous 
development (See Fig. 3) ; and, as was stated when de- 
scribing the " genesis of cells," elements which thus 
originate endogeneously have, for the most part, a destiny 
different from that of the parent cell. 

Whatever be the part played by the respective elements 
in the process of development of the new growth, the first 
result of their combined activity is to produce ^. liftrw 
tissue, composed of innumerable small xouudiiVi-^^-^^^ 
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cdls, from ^i^ to y*^ ^ ^'^ ™^ ™ diameter, often en- 
dosmg a laige» romid, ill-defiiied nudeas, which usually 
onhr becomes risible after the addifckm of water or at 
acedc acid. Tlie eeils, which are usoalfy known as 
laJifVrew/ cdlSy possess no limiting membrane, bnt con- 
sist of fittle masses of protoplasm which are ahnost in 
close contact with one another (Fig. 29). Thej are in- 
distingnishahle firom the cdQls of a grannlation, and from 

man J of tihose met with in the 

ii^^iii^ growmg connective tissue 

of the embryo. In some cases the 

proto|Jasm continnes to increase 

»«^— •^ the nndei to divide withont 

^ ^ ^l^f^^'W ^^^ subsequent division of the 

^^^J2l^&# cell taking place, and thns are 

% w BAB ^Sj^S^ produced large irr^ular-shaped 

^ ^^3m^ masses of protoplasm containing 

* numerous nudeL These are the 

Embryomic c* imdife- gi^nt Or myeloid cells which are 

renf*) Tistme from the met with in the medulla of young 

?^a^/ fST"*^ ^^® a^^ '^ ™a^y sarcomatous 

tumours (see "Mydoid Sarcoma," 
Fig. 50). Thus the first stage in the process of develop- 
ment consists in the formation of an embryonic tissue, 
and tlus embryonic tissue subsequently devdops into the 
tissue of which the new growth is composed. It is often 
impossible to determine in this early stage of the growth 
what it will ultimately become — ^whether a fibroma, a sar- 
coma, or an enchondroma, <&c. 

The second stage of the process consists in the develop- 
ment of this embryonic ("indifferent") tissue intq the 
tissue of the permanent growth, and this subsequent 
development closely resembles that of the immature con- 
nective tissue of the embryo. As from the immature 
connective tissue of the embryo are developed various 
connective tissue substances — fibrous tissue, mucous 
tissne, cartilage, bone, &c. — so may this embryonic con- 
nective tiaaue, which constituteB the eaxliest stage of so 
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many of the pathological- new formations, become de- 
veloped into varions tissues, all of which usually more or 
less resemble the several varieties of the physiological 
connective tissues. The whole of the primary cells may 
form the same kind of tissue, in which case the growth 
will possess the same characters throughout ; or it may 
be complex, some cells forming one kind of tissue and 
some another. A combination of two or more kinds of 
structure may thus be met with in the same tumour — as 
a combination of sarcoma and lipoma, of enchondroma 
and myxoma, and so on. What determines the ultimate 
development of the young cells, why they produce such 
various forms of growths, is as far from our knowledge as 
what determines the ultimate destination of the cells in 
the embryo. 

Next to common connective tissue, the epithelia, surface 
and glandular are the elements from which tumours 
most frequently originate; and as from connective 
tissue are usually produced growths of the connective 
tissue type, so do the growths originating from the epi- 
thelia usually resemble epithelium. As to whether all 
new growths originating in connexion with epitheHum are 
solely the offspring of pre-existing epithelial elements, we 
are unable to speak with absolute certainty. The answer 
to this question must await a more certain knowledge of 
the way in which the epithelial structures normally grow 
and repair themselves. It is regarded as probable by 
some that the normal production of epithelium is not 
entirely the result of the multiplication of epithelial cells, 
but that the mobile cells of the connective tissue by 
contact with epithelial elements may become developed 
into epithelium. If this be so, it must be admitted 
as at all events equally probable, that pathological new 
formations which originate in connexion with epithe- 
Hum may be in part the product of mobile elements 
belonging to the connective tissue. The process of deve- 
lopment from epithelium may take place either by simple 
division, or by y&cuolation. and endogenous gto^\ItL% 
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Here allasion mnst be made to the recent investiga- 
tions of Dr. Creiglitoii on the development of secondary 
tamonrs in the Hver.* Dr. Creighton finds that in various 
kinds of secondary tumour occurring in the liver, the 
growth originates from the liver-cells by a process of 
vacuolation and endogenous formation ; and he concludes 
that in this way liver-cells may originate epithelial cells, 
connective tissue-cells, spindle-cells, &c., the variations 
depending upon the nature of the primary tumour. 

From the remaining tissues, muscle and nerve, the 
development of tumours is comparatively rare, and in 
nerve-tissue it is even doubtful if formative processes ever 
occur. 

According to the similarity or difference which subsists 
between the new growth and the tissue from which it 
grows, tumours are divisible into two classes— feomo- 
logons and heterologous. When the tumour resembles 
in its structure and development the tissue from which it 
originates, it is said to be homologous ; when it differs, it 
is said to be heterologous, A cartilaginous tumour, for 
example, growing from cartilage, is homologous, but 
growing from any other tissue, as from the parotid gland, 
it is heterologous. The same variety of tumour may 
thus be in one case homologous, in another, heterologous. 
A purely homologous growth is therefore simply a hyper- 
plasia — an excessive growth of a tissue in some particular 
part ; any deviation from the type of the parent tissue 
constitutes heterology. 

Heterology, however, is not limited to the production 
of a tissue which is dissimilar from that from which it 
originates ; a tumour is also said to be heterologous when 
it differs from the tissue in which it is situMed, and this 
may occur without its being the direct product of the 
latter. It is heterology in this sense that is so charac- 
teristic of certain cancers. Those cancers which obviously 
originate from epithelium, become heterologous, owing to 



* DiBcuBsion on Cancer, " Trans. Path. Soc. Lond.," 1874, p. 868. 
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the growth and extension of the epithelinm beyond its 
normal limits (See " Epithelioma," Fig. 60). The same 
form of heterology obtains in the case of growths ori- 
ginating from elements which have migrated or been 
carried from their original habitat, and have developed 
into a tissue which differs from that in which they are 
situated. 

Heterology is often an evidence of malignancy. Many 
heterologous tumours, however, are not malignant ; slight 
deviations from the normal type are no evidence of 
malignancy. A growth primarily homologous may sub- 
sequently become heterologous ; this is often seen when 
a long-standing innocent tumour suddenly exhibits 
malignant characters. A knowledge of the homology or 
heterology of a growth is therefore an important element 
in the determination of its innocent or malignant nature. 

Beultign ov the Tttmour to the sukbounding 
Tissues. — The relation of the tumour to the surrounding 
structures will depend upon its mode of growth. Growth 
may take place simply by the continuous proliferation of 
the cells of which the tumour is composed. In this case 
it will merely displace the surrounding parts, and having 
attained a certain degree of development, a fibrous cap- 
sule is often formed around it, by which it becomes com- 
pletely isolated. The lipomata, fibromata, and enchon- 
dromata are usually thus encapsuled. In other cases, 
growth takes place also at the circumference, by the con- 
tinuous proliferation of the parent tissue, and ihe in- 
vasion of adjacent structures. There is then no line of 
demarcation between the tumour and the surrounding 
parts, so that although to the naked eye it may appear 
separate, the microscope will discover in the adjacent 
tissues elements of the new growth. (Fig. 30.) This is 
very common in the sarcomata and in the cancers, and is 
a common cause of local recurrence after removal. (See 
" Malignancy.") 

Retrogressive Changes. — The development of t\\fe 
tumour bein^ complete, it becomes soonet ot \^.\jet >iiaa 
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seat of retrogreHsive changes. The time at which these 
commence vaiies :■ — As a rnle the permanenoe and dnra- 
bilitj of a tnmonr bear an inverae relation to the lapidi^ 
of Ha growth, and to the inferiority of its oigajiiaation. 




SnifrAut iif the Mamma. — A thJD secttoD tmm tbs 
most eitemaJ portion of the tnmoiir. Bhowing 
the invasion by Bnull-caUad inflltntion of Ihe 
muscular flbrea and adipose tisBue in the neigh- 
bonrhood of the gland. " 20D. 

The more rapid the growth, and the more lowly oiganised 
the tiasne formed, the lees its durability and the sooner 
do retrogressive changes occur. The cancers and sarco- 
mata, for example, which develop rapidly, and consist for 
the most part of cells, qnickly degenerate ; their elements 
are unstable and soon perish. Osseous tnmonrs, on the 
other hand, which develop more slowly, and consist of a 
more highly oiganised tissne, have a mnch greater 
stability, and are but little liable to retrogresaive meta- 
morphosia. 

The retrogressive changes are similar to those met with 
in the physiological tissues. Deficient sapply of blood 
is followed by fatty degeneration and its various termi- 
nations — softening, caseation, and calcification. Pig- 
mentary, colloid, and mucoid degeneration may also 
occnr. Tnmonrs may also become the seats of an inflam- 
matory procesH. 

Maugnasci. — By " malignancy" is understood the pro- 
^pertj poaaeBBei by many tumours of reproducing them- 
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Belves either locally after removal, or in distant tissnes. 
It is important not to confonnd the terms " malignancy*' 
and "cancerous." "Malignancy*' is a pnrely clinical 
term, and although in a high degree the property of the 
cancers, is by no means confined to them ; the sarcomata, 
for example, being in many cases equally, or even more 
malignant. The term "cancer" on the other hand, is 
used to imply a definite structure, and as such is applied 
to a certain class of new formations. 

The malignant properties of a tumour may manifest 
themselves either in the tissues immediately adjacent to 
it or in its neighbourhood, in the nearest chain of lym- 
phatic glands, or in more distant parts. Some growths 
possess these properties in a higher degree than others, 
so that there are different degrees of malignancy. In 
many cases the malignancy of a tumour is so far Hmited 
that it gives rise merely to a local reproduction after 
removal. Such tumours have been separately classified 
by many surgeons as " recurrent" tumours. (See " Small 
Spindle-ceUed Sarcoma.") In other growths this ten- 
dency to local reproduction is associated with the develop- 
ment of similar growths in the nearest lymphatic glands ; 
whilst in a third class of cases, to one or both of these 
conditions is added the reproduction of the growth in 
more distant tissues, especially in the lungs and liver. It 
will be advisable to treat of these three degrees of malig- 
nancy separately. 

1. Reproduction of the Twmour in the Adjacent StruC' 
tures, — This is usually the earliest evidence of malignancy 
in a growth, and gives rise to its persistent recurrence 
in loco after removal by the surgeon. This tendency to 
the local reproduction of the tumour is principally owing 
to its mode of growth. The cellular elements of the 
tumour extend for some distance into the surrounding 
tissues, so that unless in the operation for its removal the 
incision be carried for some distance beyond the apparent 
confines of the growth, some of the elements may be left 
behind and thus constitute the centres oi aecoii^^T^ iot- 
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mations. (See Fig. 30.) Such tumours therefore are not 
nsnallj encapenled, bat extend hj peripheral growth. 
In some cases, however, tnmonrs which poesess a dis- 
tinct capsnle maj in the same waj infiltrate the snr- 
ronnding stmctnres. The infiltration of the acyaoent 
tissues bj the elements of the tnmonr sometimes gives 
rise, not only to the continnons enlargement of the pri- 
mary growth, bnt also to the development of separate 
secondary growths in the immediate vicinity of the pri- 
mary one. Whilst it mnst be admitted that the repro- 
daction of a malignant tnmonr in the adjacent tissues is 
thus in most cases to be ascribed to the infiltration of 
the latter with its cellular elements, it is {wssible that 
the nutrient fluids of the tumour may by their influence 
upon the surrounding tissues be in part the canse of the 
abnormal development. 

2. Beproduetion of the Tumour in the nearest hym^ 
phatic Glands. — ^This is owing to the transmission by the 
lymph-stream of substances (probably cellular elements) 
derived from the malignant growth, which become arrested 
in the nearest lymphatic glands, and there cause the 
development of secondary formations. These are in all 
cases of the same nature as the primary tumour. When 
the lymphatic glands have themselves developed into 
secondary growths, they in their turn constitute new 
centres of infection, and may thus infect more distant 
glands or the immediately adjacent tissues. The ten- 
dency to reproduction in the lymphatic glands varies 
very much in the different varieties of malignant 
growths, being, for example, very marked in the cancers, 
whereas in the sarcomata it is comparatively rare. The 
reasons for these diflerences will be seen in the subse- 
quent chapters. 

3. Reproduction of the Tumour in Distant Tissties. — 
This is usually the terminal process in the history of 
malignant growths. The reproduction of the malignant 
growth in distant tissues is in the great majority of cases 
owing to the entry of some of its elements into tiie blood<^ 
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stream. The secondary tumours, as in tlie lymphatic 
glands, are in all cases of the same nature as the primary 
one, although they are often softer, more vascular, and 
show greater activity of growth. They occur as a rule 
in those organs through which the blood from the prir 
mary tumour first passes — ^that is, in those organs which 
present the first set of capillaries for the arrest of the 
transmitted materials. In malignant diseases of those 
organs, for example, which return their blood through 
the portal vein, as the stomach and mesenteric glands, it 
is the liver in which the secondary growths usually first 
occur, and when this has become involved, it may consti- 
tute a secondary centre of infection, and in the same way 
cause tertiary growths in the lungs. Although this 
sequence is the rule, there are numerous exceptions. In 
some cases, the organs which are nearest in the course of 
the circulation to the primary growth escape, whilst those 
more distant become affected. This may be owing to one 
organ being more predisposed to the influence of the in- 
fecting materials than another; or to the capillaries of 
the proximal organ allowing particles to pass through 
them, whereas those of the more distant one are small 
enough to arrest them. Lastly, it must be borne in 
mind that the secondary growths may be entirely in- 
dependent of the primary one, their origin being due to 
the same cause. 

Although the general dissemination of a malignant 
growth is thus in most cases owing to the transmission 
of its elements by the blood- stream, this is not the only 
way in which it may be brought about. Exceptional 
cases have been described in which the elements of a 
tumour have been distributed and caused secondary 
growths in other ways — as by passing down the trachea, 
travelling between the layers of the peritoneum, and 
from the kidneys down the ureters to the bladder, &c. 

The secondary tumours, as already stated, are probably 
either the direct products of the transmitted elements 
which proliferate in the tissues in which. ^^^ ^ft^^<i, <3t 
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they owe their origin to the spermatio influence of those 
elements npon cells with which thej come into contact. 

It is thus obvious that the evidences of malignancy in 
a tomour will consist — ^in its invasion of the surrounding 
structures, the implication of the neighbouring lym- 
phatics, and the occurrence of similar tumours in internal 
organs. As a general rule it may be stated that the 
more juice a growth contains, and the richer it is in 
blood-vessels and lymphatics, the more quickly will it 
infect the lymphatic glands, and internal organs ; oIl the 
other hand, the poorer it is in blood-vessels and lym- 
phatics, the more are its infecting properties confined to 
the neighbouring tissues. 

The determination of the innocent or malignant nature 
of any growth will principally depend upon its micro- 
scopical characters, and, as will be seen when considering 
the various kinds of tumours, the differences which exist 
in their clinical characters are in great measure to be 
explained by differences in their position, minute struc- 
ture, and mode of growth. Many varieties of tumours 
are invariably malignant, as the cancers and sarcomata; 
hence any growth which from its minute structure must 
be included under these heads, must be regarded as being 
of a malignant nature. 

Classitication. — Tumours may be classified upon a 
histological, or upon a physiological and clinical basis. 
Although a physiological and clinical classification are 
much to be desired, in the present state of our knowledge 
they must be very incomplete. The usual classification 
of tumours according to their histological characters is 
consequently here adopted. Such a classification may be 
most advantageously made in accordance with the clas- 
sification of the physiological tissues : — 
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CLASSIFICATION OF TUMOUES. 

L Type of the FuUy developed Connective Tisaties, 

Type of fibrous tissue . . . Fibroma. 

„ adipose tissue . . . Lipoma. 

„ cartilage Enchondroma. 

„ bone Osteoma. 

„ mucous tissue . . . Myxoma. 

/Hodgkin^s 
^ lymphatic tissue . . The Lymphomata-I Disease. 

(LeuksDmia. 

n. Type of Higher Tisfiues. 

Type of muscle Myoma. 

„ nenre Neuroma. 

„ blood-yessels . . . Angioma. 

„ papillffi of sMn or mu- ) p m^^ 
cous membrane . . j "i'"*""*** 

„ /secreting glands . . Adenoma. 

m. Type of Embryonic Corrective Tissue, 

The Sarcomata. 

I Small spindle-celled Sarcoma. 
Melanotic Sarcoma. 
Osteoid Sarcoma. 

Bound-celled Sarcoma . . • { . i , « 

\ Alveolar Sarcoma. 

Myeloid Sarcoma. 

rV. The Co/rdnomata, 

Rcirrhus. 

Encephaloid. 

Colloid. 

Epithelioma — Adenoid Cancer. 

V. Cystic Tumours. 

Cysts. 



CHAPTER XIII. 

THE FIBEOMATA. 

The Gbrom&ta, fibrons, fibre- cellnlar, or counectlve- 
tisene ttunonTa, are tuinoars consisting of fibrous tisaae. 
Stecctche. — In structure the fibromata present the 
sajue TariH.tions as those met with in fibrous tissue- 
Some of them are composed of firm, dense, fibrous tissue, 
such a& constitutes tendons ; others are lexer and less 
fibrous in consistence, more reeembhng the connective 
tissue of the cutis. The fibres, which constitute the 
chief part of the growth, are more or less closely inter- 
laced, and are distributed without any definite arrange- 
ment, or grouped in bundles of various sizes. Thej are 
sometimes arranged concentrically around the blood- 
vessels. (Fig. 31.) Yellow elastic fibres are but very 
rarely met with. The cells, like those of normal fibrous 
Fio 31 
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tissue, are very few in number, and are usually most 
abundant around the vessels. They are minute, spindle- 
shaped, fusiform, or stellate bodies, the latter having 
processes of varying length, which communicate with 
similar processes from neighbouring cells. They are 
often so smaU and indistinct as in the fresh specimen 
only to become visible after the addition of dilute acetic 
acid. The size and number of these cells varies with the 
rapidity of growth — ^the slower the growth the more 
fibrous the tissue, and the smaller and less numerous are 
the cells. 

The fibromata usually contain but few blood-vessels. 
In the softer growths, however, these are often more 
numerous. They sometimes form a cavernous network, 
the walls of which are firmly united to the tissue of the 
tnmour, so that when divided or ruptured they are unable 
to retract. In such cases, injury to the tumour is often 
followed by profuse hsBmorrhage. 

Development. — The fibromata originate from connec- 
tive tissue, either from the cutis or subcutaneous connec- 
tive tissue, from the submucous or subserous tissue, from 
fasciae, the periosteum, the neurilemma, or from the 
connective tissue of organs. In the earliest stages of 
their growth the cells are more numerous than when 
development is complete. (See "Development of New 
Formations.") 

Secondary Changes. — Of these, partial mucoid soften- 
ing and calcification are the most common. Ulceration 
also sometimes occurs in those growths which are situated 
in the skin and submucous tissue. 

Vaeeeties. — Fibrous tumours present some variations 
in their characters, which depend for the most part upon 
the tissues from which they grow. Two classes may be 
distinguished : — 

1. 8ofl Fibromata. — These consist of the looser and 
less dense form of fibrous tissue. They are met with as 
diffused growths in the subcutaneous and submucous 
tissues* In the former situation they oiten ioxroL \dJt^<^ 
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peduncTiIated and non-encapsnled tamonrs, wHch are 
commonly known as wens. These are sometimes mul- 
tiple. A similar increased growth of the subcutaneous 
tissue is also met with in MoUuscum Fihroswm. In this 
disease the large masses which hang down from the 
thighs, buttocks, and other situations consist simply of 
loose fibrous tissue. The new growth here often contains 
numerous large blood-vessels, so that its removal may 
lead to dangerous haemorrhage. 

In addition to these diffused growths, more circum- 
scribed and enca/psuled fibrous tumours of the soft variety 
are occasionally met with growing from the scalp, scro- 
tum, labium, intermuscular septa, and other situations. 

2. Firm Fibromata. — These are composed of dense 
fibrous tissue resembling that met with in tendons. They 
are firm, hard, encapsuled tumours, pf esenting on section 
a greyish-white, gHstening, fibrous appearance. These 
tumours often occur in connexion with bone, especially 
with the upper and lower jaws, originating either in the 
centre of the bone or from the periosteum. Growing 
from the periosteum of the alveolus they constitute 
simple fibrous epuUs. They are also met with in the 
nose, where they form one variety of nasal polypus. It 
is in these firm fibrous growths that the communica- 
tion of the blood-vessels with cavernous spaces already 
alluded to, is sometimes found. 

Another variety of firm fibrous tumour grows in con- 
nexion with nerves, and is often described as neuroma. 
True neuromata, however — i.e. new formations of nerve- 
tissue — are amongst the rarest forms of new formations. 
These fibrous growths most frequently occur in con- 
nexion with the superficial nerves. They grow from the 
neurilemma, and as they increase in size the nerve-fibres 
become expanded over them. They are very firm, rounded 
tumours, and are frequently multiple. 

The fibroid tumours of the uterus, which are often 
described as fibrous tumours, appear in most cases to be 
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overgrowths of the inyoluiitary muscular tissue of the 
organ. Thej will therefore be considered with the mus- 
cular tumours. (See ** Myoma.") 

Clinical Ohabactbrs. — Clinically the fibromata are 
perfectly innocent. They grow slowly, and have no ten- 
dency to recur locally after removal. 



CHAPTER 5IV. 

THE LIPOMATA. 

A OEHEBAt Dew foiTDatioD of adipose tissna conBtitating 
obesity, has already been described tinder " fatty infiltra- 
tioa." A localiBed and circnmBcribed formation, coDsd- 
tntes a lipoma or fatty tnmonr. 

SiBrCTWBB.— The lipomata reaemble in tbeir stmctnre 
adipose tissue. (Pig. 32.) They consist of cells containing 
fat, and a Tariabte qnan- 
^"'- ^- tity of common connective" 

tisBue. The cells, like 
those of adipose tigsae, 
though nBually somewhat 
larger, are more or leas 
round or polygonal in 
shape, and are distended 
with fluid fat. The nn- 
cleas and protoplasm are 
HO compressed against the 
cell- wall by the fluid con- 
X auo tents, that although their 
existence may often be 
demonstrated by treatment with reagents, they are 
usually only readily visible when the cell is atrophied 
and contains leas fat. {See Pig. 4 a.) The connective 
tissue, which varies in amount, usually unites the cells 
in maescB or lobules of various sizes, and also in most 
cases forms a thin capsule around the tumonr. Blood* 
vessels are distributed in the fibrous septa. 
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Detelopment. — ^The lipomata grow from connective 
tissne. Adipose tissue, it must be remembered, is merely 
connective tissue containing numerous cells wbich are 
infiltrated with fat ; and its growth consists, either in the 
infiltration of more of these cells, or in a proliferation 
of the cells, and an accumulation of fat in those newly- 
developed. A lipoma in the same way originates by a 
localised proliferation of cells, which as they are produced 
become infiltrated with fat. The growth of these tumours 
is always very slow, and they are usually encapsuled by a 
layer of fibrous tissue. 

Secondaby Changes. — Secondary changes in the lipo- 
mata ai*e not common ; their fibrous septa may, however, 
become calcified, or even ossified, and the fatty tissue 
undergo a process of liquefaction. Softening may also 
occur from a mucoid change. Inflammation of these 
tumours is rare, but when situated in the subcutaneous 
tissue the skin over them may become adherent and 
ulcerate. 

Physical Characters, &c. — The situation of the lipo- 
mata is almost co-extensive with that of adipose and 
connective tissue. They occur most frequently, however, 
in those parts in which fat is normally met with, as in 
the subcutaneous tissue and the inter-muscular septa. 
They are also occasionally developed in the subsynovial 
and subserous tissues, in the submucous tissue of the 
stomach and intestines, and even in internal organs. 
They sometimes attain an enormous size. They are more 
or less lobulated, and are usually surrounded by a fibrous 
capsule which separates them from the adjacent structures. 
On section they present the ordinary appearance of adi- 
pose tissue. Their consistence varies with the amount of 
fibrous tissue which they contain. They are usually 
single, although not unfrequently multiple. In their 
growth they occasionally become pedunculated. 

Clinical Characters. — Clinically, the lipomata are 
perfectly innocent. 



CHAPTER XV. 

THE ENCHOSDEOILATA. 

The EnchoDdromata are tamonrs histologicall; reeem- 

bling eartilage, 

Stbuctube. — Like cartilage they coDBiet of cells and 
an intercellular substance, nhich present all the varia' 
tions obserred in the normal tissne. The iut«rcellalar 
mbstance maj be hyaline, faintly or distinctly fibrous, or 
mucoid. When fibrous, the fibres may be arranged like 
those of flbro-cartilage, or more or lees concentrically 
around the cells, as in the reticular cartalagea of the ear 
and larynx. (Pig. 33,) When hy- 
'"■ " ahne or nrncoid, it ia sometimes 

..-^^^f^- quite soft in conaiatence. The cells 

t' ■ may be very numerous, or few in 
" , , ■■ : proportion to the matrii. They 

/■ / ">-' are round or ovai. and occasionally 
^C^^~.-~~- branched and atellato. In the hy- 

-^^i^^' aline forms they are usually large 

i-arow, iMjondroma. and ro.und or oval (Pig. 34) ; in 
the fibroua forms they are often 
amaller and even somewhat spindle-shaped, more re- 
aembling those of connective tissue ; and in the rarer 
mucoid forms, they are more commonly stellate and 
branched, Hke those of the umbilical cord. They are 
either single or arranged in groups, and are usuaUv sur- 
rounded by a capsule, as in normal cartilage, although 
this is often very indistinct. They encloso one or more 
aaolei and shghtly granular oontenta j sometimes a cell- 
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wall cannot be distingiuBlied, In addition to tte inter- 
cellular snbstance, the growth is usnally diyided into 
seTeral lobes by bands of ibroas tissne, in which are con- 
tained the blood-veaaels. 
These lobes are often Fra.84, 

verf distinct, so that the 
growth appears to be 
made up of several sepa- 
rate tnmonrs. The fibroos 
tissue in most cases also 
encapsnles the growth, 
and separates it from the 
sniTounding structures, 
altbongh sometimes this 
encapsnlation is absent, Hfiuiae Em^umdroma. x 300. 
and the tnmonr is sur- 
rounded by a zone of embryonic cells, which infiltrate the 
adjacent tissues. 

Dbtblofme NT. — The enchondromata mo st frequently ori- 
ginate from bone and common connective tissue, very rarely 
from cartilage. Cartilage itself, ajid especially fibrous 
cartilage, is very closely allied to common connective 
tissue. It grows from the deeper layers of the periohon- 
driom, which proliferate and form an embryonic tiasne ; 
the yonng cells become cartil^e-cells, and these pro- 
bably form the matrii, which is either homogeneous or 
fibrillated, constituting in the one case hyaline, and in 
the other fibrous cartilage. The development of enchon- 
droma from connective tissue is precisely similar to the 
physiological progress. 

Inthedevelopmentof enchondromafrom osseous tissne, 
the medulla is the source of the new growth. This pro- 
liferates, the osseous trabecnliB are absorbed, the neigh- 
bouring medullary spaces open one into the other, and in 
this manner a large medullary cavity is produced. In the 
centre of this, the yonng cells first formed enlarge and 
become separated by a homogeneous, or less frequently, 
slightly fibrillated intercellular substance, a,tti tti.-a'ft \a 
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produced a mass of cartilage in the centre of the medul- 
lary tissue. This gradnallj increases till nltimatelj a 
layer of fibrons tissue is formed around it, and its further 
growth takes place from the tissue of its capsule. 

Lastly, cartilaginous growths may originate from carti- 
lage itseK. These are sometimes seen on the surface of the 
articular cartilages, in the larynx and trachea, and on the 
costal and intervertebral cartilages. They are simply 
local outgrowths from pre-existing cartilage. They rarely 
attain a large size, and in structure and physical charac- 
ters more closely resemble normal cartilage than the other 
forms of enchondroma. They are usually described as 
enchondroses, and must be distinguished from the other 
forms of cartilaginous tumour. 

Secondary Changes.— Of these, calcification is much 
the most common. It affects different parts of the 
growth, commencing in the capsules, and then involving 
the intercellular substance. Ossification also occasionally 
occurs; it commences at separate centres, and spiculas 
of bone are formed which traverse the tumour in various 
directions. Fatty degeneration and mucoid softening are 
common changes, and may lead to the formation of large 
softened masses which present the appearance of cysts. 
In rare cases the skin covering the tumour ulcerates, and 
a fungating mass protrudes. 

Varieties. — The varieties of enchondroma depend 
mainly upon the nature of the intercellular substance. 
There are thus hyaline, fibrous, and mucoid enchondro- 
mata; these, however, are usually combined in various 
degrees in the same tumour. As a rule, those originating 
from the medulla of bone are of the hyaline and mucoid 
class, whilst those originating from connective tissue in 
other situations are more frequently fibrous. The rapidly- 
growing fibrous forms approach very closely the confines 
of the sarcomata, the mucoid forms the confines of the 
myxomata; and these two kinds of growth are often 
associated in the same tumour. 

A variety of enchondroma has been described under 
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the name of osteo-chondroma, whicli in structure more 
doselj resembles bone tban cartilage. It consists of a 
tissue similar to that met with between the periosteum 
and bone in rickets, which from its resemblance to osseous 
has been called osteoid tissue. This tissue only requires 
calcifying to become true bone. Like bone it is made up 
of trabeculae and medullary spaces, but the trabeculae, 
instead of bone-corpuscles and lamellae, consist of small 
angular cells without a capsule, situated in an obscurely 
fibrillated matrix, which in part is calcified. The medul- 
lary spaces contain a fibrous stroma and many blood-ves- 
sels. The osteo-chondromata, although consisting mainly 
of this osteoid tissue, contain also a small proportion of 
cartilage. They originate beneath the periosteum, their 
common seat being the ends of the long bones. Their 
growth is very rapid, and they often attain an enormous 
size. They are much more freely supplied with blood- 
vessels than the ordinary enchondromata, and hence they 
are much less frequently the seats of retrogressive changes. 
They are especially prone to become ossified and converted 
into true bone. 

Physical Chakactebs, &c. — The enchondromata occur 
most frequently in early life. About three-fourths of 
them are met with in the osseous system, where they 
grow either from the medulla or from the periosteum. 
Their favourite seat is the fingers and toes. The remain- 
ing fourth occur most frequently in the parotid gland 
and in the testicle. They occasionally grow in the inter- 
muscalar septa, in the subcutaneous cellular tissue of 
the mamma, and in the lungs. They are usually single, 
except when occurring on the fingers and toes, in which 
situations they are more frequently multiple. They con- 
sist of a single tumour, or of several smaller tumours 
held together by fibrous tissue. The more slowly growing 
enchondromata are hard, smooth, elastic tumours, often 
lobulated, and seldom exceeding the size of an orange. 
Less frequently these tumours grow very rapidly, are 
quite soft in consistence, and attain a large me. 
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Clinical Chabactebs. — ^The enchondromata must for 
the most part be regarded as innooent growths. They 
are nsnallj encapsnled, and in most cases prodnce merely 
local effects, although these, from the parts involved and 
the rapidity of growth, are often very injnrioiis. The 
softer forms, however, and espedallj those which occur 
in the medulla of bone and in glands, occasionally ex- 
hibit malignant characters. These grow the most rapidly, 
and are often not limited by a fibrous capsule, but sur- 
rounded by a zone of embryonic tissue. Such tumours 
tend to recur locally after removal, and in rare cases also 
infect the lymphatic glands, and are reproduced in the 
lungH. In speaking of the malignancy of these enchon- 
dromata, it must be borne in mind that they are some- 
times associated with sarcoma, and the malignant pro- 
perties are probably in all cases to be ascribed to the 
combination of sarcomatous with the cartilaginous 
elements. 



CHAPTER XVI. 

THE OSTEOMATA. 

The Osteomata, or osseous tnmotirs, are tumotirs consist- 
ing of osseous tissue. A new formation of bone occurs 
xinder various circumstances. Irritative conditions of the 
bone and periosteum are often attended by a large forma- 
tion of new bone. This is seen after fractures, in which 
there is not only a formation of bone from the bone 
itself, but also from the periosteum and adjacent fibrous 
structures ("permanent "and "provisional callus"). 
Chronic inflammation of the periosteum is also fre- 
quently followed by thickening of the bone beneath it. 
These, however, are inflammatory formations, and have 
not an independent grovrfch like the osseous tumours. 

Steuctuee. — Osseous tumours resemble in structure 
normal bone. There are three histological varieties : — 

1. The Ehumated Osteomata. — These consist of dense, 
compact, osseous tissue. The lamellae are arranged con- 
centrically and parallel to the surface of the tumour. 
There is a complete absence both of blood-vessels and of 
cancellous tissue. 

2. The Compact Osteomata. — These are formed of a 
tissue similar to that of the compact tissue of the long 
bones ; differing only in the arrangement of the Haver- 
sian canals and canaliculi, whicli is less regular than in 
normal bone. 

3. The Cancellous Osteomata. — These consist of cancel- 
lous osseous tissue, which is usually surrounded by a thin 
layer of denser bone. The medullary spaces may contain 
embryonic tissue, a fibrillated tissue, ox iat. 
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Development. — Osseoos tamonrs origiDate from bone 
or its perioetenm, from cartilage, and from coniiective 
tissue apart from bone. 

Varieties. — The osteomata are divisible into two 
classes, according to their seat — ^the homologous osteo- 
mata or exostoses, and the heterologous osteomata or 
onteoi^hiftes. 

The homologous osteomata or exostoses, are outgrowths 
from pre-existing bone, growing either from the peri- 
osteum, from the articular cartilage, or from the miedulla. 
Those growing from the periosteum occur most fre- 
quently ou the external and internal sur&oes of the 
skull : the orbit is an especially favourite seat, and here 
they are often dense and ebumated. They are also met 
with on the scapular, pelvis, and on the upper and lower 
jaws. In the last-named situation they may grow from 
the dental periosteum. There is usually a line of demar- 
cation between them and the subjacent bone, the new 
tissue of the tumour being distinct from the compact 
tissue of the bone. The periosteum from which they 
grow covers them, and is continuous with that of the old 
bone. 

The exostoses growing from the articular cartilages 
occur at the ends of the long bones. In structure they 
are much more cancellous than the periosteal grovrths, 
and their outline is less regular. The medullary exostoses 
— or more properly, enostoses — are the least frequent: 
they originate in the meduUary tissue. 

The heterologous osteomata or osteophytes, originate 
apart from bone, growing from connective tissue. They 
are especially liable to occur in tissues in the neighbour- 
hood of bones which are the seat of a chronic inflam- 
matory process, and they must in most cases be regarded 
rather as inflammatory formations than as tumours. 
Such formations of bone are sometimes met with in the 
neighbourhood of diseased joints and of diseased bone in 
other situations, in tendons, in the cartilages of the 
larynx in chronic laryngitis, in the costal cartilages, in 
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the bronchi, in muscle, in the arachnoid and pia mater, 
and even very occasionally in the lungs and brain. They 
must be distinguished from calcareous deposits, in which 
there is no new formation. (See " Calcareous Degene- 
ration.") 

Clinical Characters. — The osteomata are perfectly 
innocent tumours. Their growth is very slow. They 
rarely attain a large size. They are often hereditary and 
multiple, in which case they usually occur in early Hfe. 
These osseous grovrths which sometimes exhibit malig- 
nant characters, are enchondromata or sarcomata which 
have undergone partial ossification. From these, true 
osteomata must be carefully distinguished. (See " Os- 
teoid Sarcoma.") 



CHAPTER XVII. 

THE MYXOMATA. 

The myzomata are tumours consisting of mucous tissue. 
Mucous tissue is a translucent and succulent connective 
tissue, the intercellular substance of which yields mucin. 
Physiologically, this tissue is met with in two forms, and 
in two situations : — one — in the vitreous body of the eye, 
in which the cells are roundish and isolated ; the other — 
in the umbilical cord, in which the cells are fusiform or 
stellate, and give off fine prolongations which anastomose 
with one another. In both, the intercellular substance is 
homogeneous and yields mucin. The connective tissues 
in their embryonic condition, as already stated when 
describing "mucoid degeneration," possess an inter- 
cellular substance containing large quantities of mucin. 
This is especially the case with the tissue which subse- 
quently becomes adipose. New formations may undergo 
a mucoid change, and thus closely resemble in their phy- 
sical and chemical characters the myxomata. A myxoma, 
however, is a growth which consists of mucous tissue. 
The myxomata are thus very closely allied to the sarco- 
mata, and by many are included in the same class of new 
formations. 

Structure. — The cells present the two varieties met 
with in the physiological tissues. The majority are 
angular and stellate, with long anastomosing prolonga- 
tions. (Fig. 35.) Others are isolated, and fusiform, 
oval, or spherical in shape. They usually possess one, 
in some caBes two distinct nuclei. Their contour is very 
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indistinct, owing to the refracting natnre of the inter- 
cellular substance. The Utter is very abundant, per- 
fectly homc^eneona, of & soft gelatinifoTin viscid con- 
sistence, and jielda large quantities of mucin : amongst 




JfjnDmo. A mmnte piece of a myxoma of 
the arm, showing the charaoteriBtio braoched 
anastomosing cells. There are also a few 
lencocyteB, and one or tiro spindle-ahaped 
elements. X 200. 

it are a varying number of amceboid cells. The blood- 
veeeels, which are not nomeTons, are readily visible and 
easily isolated. A few elastic fibres are sometimes seen 
between the cells. 

DzTKLOPMENT.— The mjiomata always originate from 
one of the connective tissues. Adipose tissue is their 
moat favonrite seat — either the subcutaneons, the snb- 
mncons, or the inter- muscular adipose tissue. They also 
grow from the medullary tissue of bone, the connective 
tissue of organs, fifom the connective tissue of the brain 
and spinal cord, and from the sheaths of nerves. They 
are usually separated from the surrounding structures by 
a very thin fibrous capsule, fine prolongations from which 
divide the growth into lobules of various sizes. In ei- 
ceptional cases they may increaae by tXe <iQii.\im.iu:iM% 
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invasion of their matrix. Their growth is nsnallj slow, 
but they may attain an enormous size. 

Secondary Changes. — Of these the most common is 
rupture of the capillaries, hsemorrhage, and the formation 
of sanguineous cysts ; this, however, is less frequent than 
in the sarcomata. The cells themselves may undergo 
mucoid or fatty degeneration, and thus be destroyed: 
this is usually accompanied by liquefaction of the inter- 
cellular substance. 

Varieties. — The varieties of myxoma depend prin- 
cipally upon its combination with other growths. The 
most common is a combination with lipoma. Combina- 
tions with sarcoma, enchondroma, and adenoma, are also 
frequently met with. 

Physical Characters, &c. — ^The myxomata are of a 
peculiar soft gelatiniform consistence, and of a pale 
greyish or reddish-white colour. Their cut surface yields 
a tenacious mucilaginous liquid, in which may be seen 
the cellular elements of the growth. They are most fre- 
quently met with in the later periods of life. Growing 
from the sheaths of nerves, they constitute one variety 
of so-called neuroma. They may also grow from the 
placenta, constituting the "uterine hydatids." When 
situated in superficial parts they may become peduncu- 
lated. In the submucous tissue of the nose they consti- 
tute one form of nasal polypus. 

Clinical Characters. — Clinically the myxomata are 
for the most part benign growths. K completely removed 
they rarely recur. Sometimes, however, they exhibit 
malignant characters, and recur locally after removal. 
They probably never reproduce themselves in internal 
organs. In speaking of their malignancy their occasional 
association with sarcoma must be borne in mind. 



CHAPTER XVIII. 

THK LTMPHOMATA. 

Lymphoma, or Lymphadenoma, is a new formation 
consisting of lymphatic, or as it is sometimes called, 
adenoid tissne (the " adenoid tissne" of His). Lym- 
phatic tissue is the tissue composing the follicles of 
the lymphatic glands and the Malpighian corpuscles 
of the spleen, and existing in many other parts be- 
longing to the lymphatic system. This tissue is now 
known to have a much more general distribution than 
was formerly supposed; it not only constitutes the fol- 
licles of the lymphatic glands and the Malpighian corpus- 
cles of the spleen, but also Peyer's glands and the solitary 
glands of the intestine, the follicles of the pharynx and 
tonsils, the Thymus gland, and the trachoma glands of 
the conjunctiva. Recently it has also been found to exist 
in many other situations, as around the blood-vessels of 
the pia mater and of other parts, in the neighbourhood 
of the smallest bronchi, in the pleura immediately be- 
neath its endothelium, in the peritoneum, in the mucous 
membrane of the alimentary canal, and in the medulla of 
bone. 

Structure. — Lymphatic tissue, wherever it exists, pos- 
sesses the same general structure, and the follicle of a 
lymphatic gland may be taken as the type, not only of 
the physiological tissue, but also of "the pathological 
growths. 

This tissue consists essentially of a delicate reticulum, 
within the meshes of which are contained numerous 
lymphatic elements — the so-called lymp\i-coT^u"av^'i^, ^Y^cl*^ 
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reticnlam is made up of ver; fine fibrils which form a 
close network, the meshes of which are only anffidentlf 
large to enclose a few, or even a single corpnscle, in each. 
The fibrils usually present a more or leas homogeneona 
appearance, and nuclei are often to be diHting:ai8hed at the 
angles of the network (Fig, 36). The lymphatic cells, or 
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lymph- corpuscles, which constitute the greater part of the 
tissue, can in most oases ho readily removed from the 
meshes of the reticulum by the agitation of thin sections 
in water. They are identical in their characters with the 
white cells of the blood. As usually seen after death, they 
are spheroidal, pale, semi-transparent hodiee, varying 
considerably in size, and also presenting slight difierenees 
in their structure. Some are granular, and appear to 
possess no nucleus ; in others, a distinct, simple, or com- 
ponnd nticleas is visible, which is nsuatly also granular; 
others again are much larger, and contain two or even 
three nuclei- (Pig. 37). 

The iiistological characters of the lymphomata, how- 
ever, vary considerably, according to the age of the growth 
and the rapidity of its development. In the earlier stages 
of development, and when growth is taking place very 
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Tapidlj, the proportion of cells is grea,t. and many oF 
these are mach larger than those normally met with ia 



^B 



lymphatic glands, containing two, or even more, nuclei. 
In a more advanced stage, and also in all tamonrs in 
which the process of development has been slow, the pro- 
portion of. cells is smaller, and the reticulnm constitutes 
a more prominent part of the growth. (Fig. 38.) The 

Fio as 




Lpraphoma — ^Sect on of & hna lyrajjlioma of 
the mfdiBul DUro Showing a verj th-ekened 
ivticu um w h n the ID b1 es of which the 
lymphoid cella are gruup^d. » 200, 

larger cell-forms also are almost entirely wanting ; itnd 
the reticulum, instead of being esceedingly delicate, is 
much coarser, and forma a, network of hroad homogeneous 
or slightly fihrillated bands. As the reticulum increases 
the lymph corpuscles gradually diminish in number and 
become arranged in smaller groups within its meshes. 
(See Pig. 28.) These variations in the proportion ot 
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corpuAcles and stroma are precisely analogoas to those 
met with in lymphatic glands as the result of acute and 
chronic inflammation. (See *' Inflammation of Lymphatic 

Stnictures.") 

Dkvklophent. — ^The lymphomata originate for the most 
part from lymphatic tiasne, being simply overgrowths of 
pre-existing lymphatic structures. They are, therefore, 
usually homologous. They may, however, be heterologous, 
eith(T owing to the new tissue extending considerably be- 
yond the confines of the old, or to its growth in situations 
where it is normally almost entirely wanting. This latter 
condition obtains in Hodgkin's disease, and in certain 
forms of lymphoma which are malignant. 

Skcoxdary CiiANGKS. — The lymphomata do not un- 
dergo marked retrograde changes. There is no fatty de- 
generation, caseation, or softening, such as 'occurs in 
scrofulous glands. 

Physical Characters, &c. — The physical characters of 
the lymphomata vary according to the rapidity of their 
growth. The rapidly-growing forms, in which the cellu- 
lar elements are so numerous, are of a greyish-white 
colour and soft brain- like consistence, much resembling 
encei)haloid cancer. These often attain an enormous size, 
and infiltrate the neighbouring structures. They have 
been called by Virchow lympho-8arcvma. Those which 
are more slowly developed, and in which the reticulum 
constitutes the greater portion of the growth, are much 
harder in consistence, sometimes being almost carti- 
la<(inous. These harder growths rarely attain a large 
size. 

Clinical Characters. — Clinically, the lymphomata 
are, for the most part, perfectly innocent tumours. They 
originate most frequently in the lymphatic glands, the 
gland undergoing a continuous increase in size. Some- 
times the enlargement of the glands appears in the first 
place to be of an inflammatory nature, and to result from 
some irritation, but upon this being removed the glands, 
instead of subsiding, continue to increase. In most cases 
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Bver, no such source of irritation is discoverable, 
glands which are especially prone to this disease, are 
servical, the submaxillary, the axillary, the inguinal, 
)ronchial and mediastinal, and the abdominal glands. 
a.lly only a single gland or a single group of glands is 
ted ; sometimes, however, the growth is more general, 
the glands enlarge, they gradually unite, so that 
uately they may form very large lobulated tumours. 
jn occurring in the mediastinum they may invade 
or both lungs, and they constitute here the most 
non form of mediastinal tumour (so-called " Thoracic 
^r"). The lymphatic structures in the intestine may 
le same way become enlarged, and project so as to 

polypi. The enlargement of the spleen in ague, 
iO probably of the same nature, 
le lymphomata occasionally, however, exhibit malig- 

properties. This is especially the case in those 
y cellular, soft, rapidly-growing forms which are 
itimes met with. Such growths may rapidly infil- 
the surrounding structures, involve the neighbouring 
»hatic glands, and even infect distant parts. It is to 
J malignant forms that the term lymphadenoma is 
nonly applied. They probably correspond with 
bow's lympho-sarcoma. 

the condition known as " Hodgkin's Disease," and 
eukaemia, lymphomatous growths are met with in 
•us parts of the body. 

hodgkin's disease. 

ia disease is characterised by the enlargement of the 
»hatic glands in various parts of the body, together 

the development of lymphatic growths in in- 
J organs, especially in the spleen and liver. The 

growths are precisely similar, histologically, to 
»homa. 

6 disease was formerly described by Hodgkin, Bright, 
8, and Trousseau, and was called, aiteit\i^ ^T^Vii^»\si^\ 

\.1 
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of these observers, "Hodgkin's Disease." Trousseau desig- 
nated it ** Ad^nie." It is also known as ** AnsBmia Lym- 
phatica." Recently its characteristics have been more 
fully determined by MM. Comil and Ranvier, and by 
Drs. Murchison* and Sanderson, to whose descriptions 
the reader is referred for more complete information 
respecting it. 

Histologically, the new growths are precisely similar to 
those met with in leuksBmia. The disease differs essen- 
tially, however, from leukaemia in this respect, that the 
new formation of lymphatic tissue is not associated with 
any notable increase in the number of the white cor- 
puscles in the blood. 

The lymphatic glands are usually the earliest seats of 
the new growth, and here it differs in no respect histo- 
logically from the lymphomata. At first it may be 
limited to a single group of glands ; subsequently, how- 
ever, the process becomes more general, and the glands 
throughout the whole body may be more or less involved. 
The glands as they increase in size gradually become 
confluent, so as to form large lobulated tumours, and the 
new growth, which takes place in the earlier stages within 
their capsules, often ultimately extends so as to infiltrate 
the surrounding structures. 

This new growth of lymphatic tissue, which commences 
in and often extends beyond the confines of the lymphatic 
glands, is ultimately followed by the formation of lym- 
phatic growths in various internal organs, but more es- 
pecially in the spleen and liver. In the spleen, the Mal- 
pighian corpuscles become enlarged and form greyish- 
white nodules and masses. The kidneys, lungs, stomach, 
muscle, bones, and subcutaneous tissue may all become 
involved, the new growths occurring either as nodules of 
various sizes scattered through the organs, or in a more 
infiltrated form, like many of those met with in leu- 
kaemia. 

* " Trans. Path. Soc. liond.,"'* yoVa. tx. wid xxi. 
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In their physical characters the new growths vary. 
They are sometimes of a greyish-white colour and of a 
soft brain-like consistence, yielding a milky jnice which is 
rich in cellulaar elements precisely resembling leucocytes. 
In other cases they are mnch firmer in consistence, and 
they may be as hard as an indurated lymphatic gland. 
These differences depend upon the relative proportions of 
the cells and stroma. They have but little tendency to 
undergo retrogressive changes. 

LEUKJSMIA. 

This disease, like Hodgkin's disease, is characterised 
by the development of lymphomatous tissue in various 
organs, but especially in the spleen. The growth of this 
new tissue, however, is associated with a large increase in 
the number of the white corpuscles in the blood. It is 
this alteration in the blood which gives leukssmia its dis- 
tinctive characters — hence its name. The disease will be 
considered subsequently, when treating of " Diseases of 
the Blood." 



CHAPTER XIX, 

THE MYOMATA, NEUROMATA, AND ANGIOMATA. 

THE MYOMATA. 

The myomata are tumoiirs consisting of muscular tissue. 
A new formation of muscle has been already described 
as being frequently associated with the ordinary process 
of hypertrophy, both of striated and of non-striated 
muscle — a simple hyperplasia of the elements of the 
muscle accompanying the increase in their size. (See 
" Hypertrophy.") 

Structure. — The myomata consist either of striated or 
of non- striated muscle. The former are exceedingly rare, 
only two or three examples having been recorded, and 
these were congenital. 

The myomata of non-striated muscle consist, like the 
physiological tissue, of elongated spindle-cells with rod- 
shaped nuclei, more or less isolated or grouped into fas- 
ciculi of various sizes, with a varying quantity of con- 
nective tissue. The connective tissue is often exceedingly 
abundant, especially in old tumours, so much so, that 
these growths in the uterus — where they most frequently 
occur — have commonly been known as *^ fibroid" tumours. 
The muscular elements either present a more or less 
regular arrangement, or pass in all directions through 
the tumour. The blood-vessels, which are usually not 
numerous, are distributed in the connective tissue. 

Development. — The myomata probably always origi- 
nate from muscle, they are, therefore, homologous growths. 
TJiejr may form distinctly citCMTivambed tumours sur- 
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ronnded by a fibrous capsule, or constitute ill-defined 
irregular masses in the midst of the mjiscular tissue in 
which they grow. They not infrequently become pedun- 
culated and form polypi, especially in the uterus. 

Secondary Changes. — Of these, the most frequent is 
calcification. Haemorrhage, mucoid softening, and the 
formation of cysts, are also occasionally met with. 

Myomata are most frequently met with in the uterus. 
They may also occur in the prostate, in the oesophagus, 
and in the stomach and intestines. 

Myoma of Uterus, — The uterus is by far the most fre- 
quent seat of myomata, and here they constitute the so- 
called "uterine fibroid." In most of these muscular 
tumours of the uterus there is a large proportion of 
connective tissue — hence the term "fibroid." This is 
especially the case in older growths. Those newly deve- 
loped, however, consist almost entirely of true muscular 
tissue. They either form firm hard masses, imbedded in 
the uterine walls, or project into the uterine or abdominal 
cavities. When projecting into the uterus they consti- 
tute a common form of uterine polypus. These tumours 
are often multiple. Their growth is slow. The older 
ones are liable to become calcified. They also sometimes 
undergo mucoid softening which gives rise to the forma- 
tion of cysts in the tumour. 

Clinical Characters. — Clinically, the myomata are 
perfectly innocent. 

THE NEUROMATA. 

The neuromata are tumours consisting almost entirely 
of nerve-tissue. The term "neuroma" has been applied 
to many growths found in connection with nerves : — 
fibrous, myxomatous, and gummy tumours growing with- 
in the nerve-sheath have been included under this head. 
True neuroma, however, is rarely met with, and is 
amongst the least frequent of all the new formations. 

Structure. — The neuromata most commonly cousa^I 
of ordinary meduUated nerve-fibres; t\iey >i\iete?Uix^ ^^- 
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semble in stmcture the cerebro-spinal nerves, from which 
they most frequently grow. The nerve-fibres are asso- 
ciated with more or less connective tissae. 'Virchow has 
also described, as exceedingly rare formations, tnmoorB 
composed of non-medullated fibres, and of ganglionic 
nerve-tissne. 

Development. — The neuromata always originate from 
pre-existing nerve-tissne, — either from the cranial or from 
the spinal nerves. Their growth is slow, they rarely 
attain a large size, but usually exist as small single 
nodules. 

The most frequent seat of these growths is the extre- 
mities of divided nerves, where they are sometimes found 
after amputations. They exist, in this situation, as sphe- 
rical or elongated enlargements of the divided extremity 
of the nerve ; and they are usually intimately connected 
with the cicatricial tissue of the stump, from which they 
can only with difficulty be isolated. They may also occur 
in the coarse of the nerves in any situation, either as 
single or multiple nodules. 

Clinical Characters. — Clinically, the neuromata are 
perfectly innocent tumours. They often cause consider- 
able pain. 

THE ANGIOMATA. 

The angiomata, or vascular tumours, are tumours con- 
sisting of blood-vessels held together by a small amount 
of connective tissue. They include the various forms of 
naevi, the erectile tumours, and aneurism by anastomosis. 
They may be divided into two classes — the simph angio- 
mata, in which the new vessels resemble normal arteries, 
veins, or capillaries; and the cavernous angiomata, in 
which the blood circulates in a cavernous structure similar 
to that of the corpus cavemosum penis. 

Simple Angiomata. — These include the various forms 

of naevi, and telangiectasis. They consist of tortuous and 

dilated blood-vessels, held together by a small quantity 

of connective and adipose tisaue. TVl^ xQaaela are most 
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Df them of new formation ; some, however, may be the 
original vessels of the part which have become consider- 
ably enlarged. They most commonly partake of the 
nature of capillaries, but in other cases the arterial or 
venous characters predominate. These growths are 
usually small, superficial, slightly elevated masses ; 
although they sometimes form larger tumours. Their 
colour is red, violet, or purple, according to the character 
of the blood which they contain. The first-named is 
much the most frequent. 

Cavernous Angiomata. — These include the venous 
vascular tumours, erectile tumours, and aneurism by 
anastomosis. They consist of an erectile cavernous 
tissue, closely resembling that of the corpus cavemosum 
penis. The growth is made up of irregular fibrous 
alveoli, which communicate freely with one another, and 
are lined with an endothelium similar to that of the veins. 
These spaces are distended with blood, usually venous, 
which is supplied to them by numerous tortuous vessels, 
and circulates in them with varying degrees of rapidity. 
These growths are commonly of a bluish colour. They 
may be diffuse, or form distinctly circumscribed tumours. 
They often exhibit distinct pulsation. Their favourite 
seat is the skin and subcutaneous tissue. They may 
also occur in the orbit, in muscle, and in the liver, spleen, 
and kidneys. 



CHAPTER XX. 

THE PAPILLOMATA- 

TitE Fapillomata are new formatioQB resembling in struc- 
ture ordinary papillffi, and like tbese they grow from 
cutaneoua, mncous, or aeroas sarfacea. 

Strdcturk. — Tiey coosint of a basis of, oflen richly 

cellnlar, connective tiesne, supporting blood- veBsels, wbich 

Fig 89. 




I agle enlarged pspilU (RiudfleiBch.) 

terminata in a capillary networlt or in a Biugle oapillary 
loop, the whole being enve\ope4 m » wfjenng of epithe- 
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Ham. (Fig. 39.) The epithelial covering varies in charac- 
ter in different growths. In those of the skin, it is often 
very abundant, and the superficial layers are hard and 
stratified, forming a dense firm covering. In those 
originating from mucoas surfaces, the epithelium forms a 
thinner investment, and is of a much softer consistence ; 
whilst in those growing from serous membranes it often 
constitutes only a single layer. 

The growth may be simple — consisting merely of en- 
larged papillae, as in a common wart ; or it may be more 
complex, the papillae being very numerous, and giving off 
secondary and tertiary offsets. If the investing epithe- 
lium be very abundant, it may so enclose the whole 
mass as to give to it a more or less regular outline. 
More commonly, however, this is not the case, and the 
epithelium not being sufficient to fill up the spaces 
between the papillae, the growth presents a branched, 
villous, or cauliflower appearance. T^e blood-vessels 
are often very numerous, and are sometimes dilated 
and tortuous. 

Development. — The papillomata always originate from 
the skin, from mucous, or from serous membranes. They 
most frequently grow from pre-existing papillae; some- 
times, however, they occur where no papillae exist, spring- 
ing directly from the sub-epithelial connective tissue : — 
this is the case in the stomach and larynx. Their growth 
is usually slow. The individual tumours rarely attain a 
very large size, the larger forms being for the most part 
constituted of several smaller growths. 

Secondary Changes. — Of these, ulceration and haemor- 
rhage are the most frequent. They occur especially in 
those growths which originate from mucous surfaces. 
The haemorrhage is often very abundant, and may even 
endanger life. This is not unfrequently the case in the 
papillary growths of the bladder and intestine. 

Varieties. — The varieties of papillary tumours depend 
principally upon their seat. Those growing from the 
tikin inclxide warts and homy growths. 'Wat^.^ ^.t^*ca\xi. 
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have a dense epithelial coveriiig, and are less prone to 
ulceration and hsdmorrhage than those growing upon 
other parts. Homy growths appear nsnally to originate 
in the sebaceoas follicles, by a continaons proliferaticm of 
their epithelium. The epithelium, together with the 
sebaceous secretion, forms a projecting horn, which in- 
creases by growth at its base. Sucb formations hardly 
come within the definition of papilloma. Larger and 
more vascular papillary tumours may, however, occur on 
cutaneous surfaces — such are the cond/ylomata and vene- 
real wcurta met with around the anus and upon the 
external male and female genital, organs as the result of 
irritating secretions. 

The papillomata of mucous membranes are softer and 
more vascular than the preceding, they have a less dense 
epithelial covering, and are more prone to ulceration and 
haemorrhage. Many of them come within the category 
of mucous polypi. They are met with on the tongue, in 
the larynx and nose, on the gastro-intestinal mucous 
membrane, on the cervix uteri, and in the bladder. In 
the bladder and intestine they are often exceedingly 
vascular, and give rise to profuse haemorrhage. Here 
they are not unfrequently confounded with villous epi- 
thelioma. 

Papillomata of serous membranes never form distinct 
tumours. They are met with most frequently as small 
outgrowths from the synovial membrane in chronic 
diseases of joints. 

Clinical Chakacters. — Clinically, the papillomata are 
innocent growths. They may, however, prove fatal from 
continuous ulceration and haemorrhage : this is especially 
the case, as already mentioned, in papilloma of the 
bladder and intestine. In these situations they are easily 
mistaken for epithelioma ; the symptoms of both are very 
similar, and it is often only after death that they can be 
distinguished. In the papillomata the epithelium is 
homologous, being situated only upon the swrface of the 
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papillae, and in no case growing wUhvn their connective 
tissae basis. In the epitheliomata, on the other hand, 
it is heterologous^ and it is met with at the base of the 
tmnonr in the subjacent connective tissne. (See Fig. 60.) 
It is important to remember that a growth which is 
primarily a simple papilloma may subsequently become 
an epithelioma. (See " Epithelioma.") 



CHAPTER XXI. 

TUE ADENOMATA. 

TriB Adenomata — or as they are more commonly called, 
glandular tu)noura — are new formationa of gland-tiasne. 

Stiiucture. — In Btmctnre the adenomata resemble the 
racemose or tabular glands. 

The racemose adenomata consist of namerons small 
saccules or acini, hned with small epitheliaJ cells, wliich 
are often two or three layers deep The acmi communi- 
cate mth each other and are grouped together, being 
merely separated b; connective tissue, m nhich are con- 
f lo -in 




Adtrwinia o/tlie Ufanma, x 3U0. (RindBeiBCh.) 

tained the blood- veasals. (Fig. 40,) The connective 
tissue varies in amount. It may reaemblo the normal 
tissue, or if growing rapidly it will be much more richly 
cellular. It sometimes contains spindle elements. 
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Many new growths, however, contain a large amount 
of this gland-tissue which are not strictly adenomata. 
All growths originating in glandular organs may he asso- 
ciated with more or less glandular structure. In the 
mamma, for example, sarcoma, myxoma, and other forms 
of tumour, are often so intermingled with the gland- 
tissue of the organ that it becomes difficult to say which 
is the predominant structure. In many cases it is evident 
that the development of such tumours is accompanied 
by an increase of the gland-tissue amongst which they 
grow. Thus are produced mixed forms — adeno- ear coma, 
adeno-myxoma, &c. 

The tubular adenomata grow from mucous membranes, 
and consist of groups of tubules lined with epithelium. 
They will be again alluded to hereafter. 

DjfVELOPMENT. — The adenomata always originate from 
pre-existing gland-structures, of which they are simply 
locdl hyperplasias. Their growth, which is usually slow, 
takes place by the development of diverticula from the 
saccules or tubules of the gland, and by a proliferation 
of the enclosed epithelium. The new growth may remain 
in intimate relation with the adjacent gland, or it may 
ultimately become separated from it by a librous capsule. 
Secondary CHA.^'GES. — The most frequent of these is 
fatty degeneration of the epithelium, which may give rise 
to the formation of small caseous masses in the growth. 
Dilatation of the saccules and tubules so as to form cysts, 
and mucoid softening, are also common. 

Varieties. — Adenoma of Mamma. — The mamma is 
much the most common seat of adenoma. Here two 
varieties must be distinguished — one, in which there is 
a general hyperplasia of the whole gland ; the other, in 
which the process is limited to smaller or larger groups 
of lobules. The former constitutes hypertrophy of the 
mamma, the latter is the chronic mammary or adenoid 
tumour. Pure adenoma of the mamma, however, is not 
common. (See Fig. 40.) Many tumours in this situation 
described as adenomata are fibrous, sarcom*oA>ou^, <5x 
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myxomatous growtlia in which is cont^ned a varying 
amonnt of gland ttetine The distinction between sach 
growths and pure adenoma is often difficult The adeno- 
mata are either snperhcially or deeply seated m the 
gland from which they are usnally separated by a loose 
fibrous capsule They are commonly round or oval m 
shape lobular and of a hard elastic consistence On 
section th^ often present a lobulated appearance, their 
racemose structure being sometimeB visible to the naked 




Adeno-i'ibroma and Adeno-Sarcoma ofMamma. — These 
are more common than pare adenoma. In them the con- 
nective tissue between the acini oC the gland undergoes 
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active cHanges, and forms a fibro-cellular, spindle-celled, 
or ronnd-celled structure, amongst wluch the acini are 
embedded. (Fig. 41.) In many cases it is difficult to 
determine whether the glandular structure is really in- 
creased in amount, whilst in others it is so abundant 
that such is evidently the case. These tumours form 
lobulated masses of a firm consistence. They grow 
slowly, and rarely ulcerate. In most cases they contain 
cysts. Many of these are lined with cylindrical epithe- 
lium and are formed by the dilatation of the ducts of 
the gland; others appear to originate from localised 
softenings of the tissue. These cysts are usually very 
numerous, and they often attain a large size. They are 
frequently seen much flattened, so as to present the 
appearance of fissures running amongst the growth. 
In other cases they are more or less completely filled by 
masses of the tumour which have grown into their in- 
terior. This formation of cysts in these tumours has 
given rise to the terms cystic-sarcoma, cystic-adenoma, <&c. 

Adenoma of Mucous Membranes, — The glandular 
structures of mucous membrane are also common seats 
of adenoid growths, and here they are usually of the 
tubular variety. In the nose, the pharynx, the stomach, 
the intestines, the vagina and uterus, these growths are 
sometimes met with. In course of time they usually 
gradually project above the surface of the membrane so 
as to form a polypus, and thus constitute one of the 
forms of mucous polypL In consistence they are soft 
and somewhat gelatinous, and often present a semi- 
translucent appearance. Their surface resembles in 
colour the surrounding mucous membrane. The forma- 
tion in them of cysts, by the dilatation of their tubules, 
is exceedingly frequent : the cysts usually contain a soft 
mucoid substance. Adenoma of mucous membranes often 
become cancerous. (See " Cylindrical Epithelioma," or 
" Adenoid Cancer.") 

Clinical Chaeacteeis. — Clinically, the adenomata are 
perfectly innocent ; they are, however, very "\ia\Afe \»Ci \^ 
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confounded with growths x>os8e8Biiig malignant proper- 
ties. A tamoor, also» which is primarily a simple 
adenoma, may subsequently become cancerons. The 
anatomical distinction between cancer of a gland in its 
earlier stages and a simple glandular tnmonr is often 
exceedingly difficult, especially in the mamma and 
mucous membranes. In cancer the growth appears to 
commence by a proliferation of the epithelium within 
the ducts of the gland, and as the epithelium only sub* 
sequently becomes heteroplastic, the determination of 
the nature of the tumour in this stage is necessarily 
attended with considerable difficulty. This will be again 
alluded to when speaking of cancer. (See ** Struotore 
of Carcinoma.") In sarcomatous tumours, again, ori- 
ginating in the oonnectiye tissue of a gland, the ducts of 
the gland, filled with epithelium, are often seen embedded 
in the new growth, and thus the appearance of adenoma 
may be closely simulated. 



CHAPTER XXII. 

THE SARCOMATA. 

The sarcomata are tumours consisting of embryonic con- 
nective tissue. Of these there are several varieties, 
depending upon the size and configuration of the cells, 
and the nature of the intercellular substance. They in- 
clude what have generally been known in this country as 
fhro^laatictfihro-nucleated, recurrent-fihroid, and myeloid 
tumours. Many growths formerly described as " cancers" 
also belong to this class of new formations. 

Connective tissue in its embryonic condition is an im- 
mature tissue in a state of rapid development. In its 
most immature state it difiers from the fully developed 
tissue in consisting almost entirely of small round cells, 
whilst its intercellular substance, instead of being fibrous, 
is soft and amorphous. This is the common condition of 
connective tissue in the primary stages of all rapid for- 
mative processes, as already described when speaking of 
it as the tissue from which many tumours of the con- 
nective-tissue class originate. (See " Development of New 
Formations.") 

In the process of development of this embryonic into 
mature connective tissue, the cells diminish in number, 
many of them assume a spindle shape, and the inter- 
cellular substance fibrillates. Similar changes are seen 
in inflammatory conditions of connective tissue. Here 
also many of the small round cells which constitute the 
" granulation tissue" become spindle cells, and the granu- 
lation tissue ultimately develops into the ^brows XKa^xia c/l 
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tbe cicatrix. In the sarcomata, however, the connectiTe 
tissue retains the embryonic state throaghont its growth, 
there is a progressive formation of embryonic tissue ; and 
although the process of development may occasionally 
proceed in certain parts of the tumour to the formation 
of a more highly developed structure, as fibrous tissue, 
caitilage, or bone, so that a mixed form of tumour is 
produced, it usually ceases at the embryonic stage. 

Structure. — The sarcomata may thus be defined as 
tumours consisting of connective tissue which throughout 
its growth retains the embryonic type. The cells , which 
constitute nearly the whole of the growth, consist for the 
most part of masses of nucleated protoplasm, and rarely 
possess a limiting membrane. They present many varia- 
tions in size and form ; as a rule, however, they preserve 
the same general characters in the same tumour. There 
are three principal varieties — the round, the fusiform, 
and the myeloid cells. 

The round cells are many of them indistinguishable 
from lymph-cells or white blood- corpuscles. Others are 

somewhat larger and contain an 
indistinct nucleus with one or 
more bright nucleoli: these 
more closely resemble the cells 
of a granulation. 

The fusiform, or spindle- shaped 
cells, are the so-called "fibro- 
plastic cells.*' (Fig. 42.) They are 
long narrow cells, terminating at 
each end in a fine prolongation. 
Some of them may be broader, 
approaching the epithelial type ; 
others more or less stellate. They 
are sometimes slightly granular, 
and they enclose a long oval 
nucleus, with or without nucleoli. In size they vary 
considerably. These cells represent a higher state of 
development than the round cells, resembling those met 



Fig. 42. 




Cells from a Spindle-celled 
Sarcoma, x 350. 
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^ith in embryonic tissue which is in the process of 
'orming mature connective tissue. (See Fig. 84 b.) 

The myeloid, or mother cells, are much larger than 
nther of the preceding, and are analogous to the cells 
met with in the medulla of foetal bone. (See Fig. 50 ) 
They are large irregular-shaped masses of nucleated pro- 
toplasm, for the most part more or less spherical, and 
often possessing numerous offshoots. They are finely 
granular, and contain several round or roundly-oval 
uuclei, each with one or more bright nucleoli. The nuclei 
may be exceedingly numerous, one cell containing as 
oiany as thirty. Both the cells and nuclei vary con- 
siderably in size. 

An intercellular substance exists in all the sarcomata, 
although it is usually small in quantity, the cells lying 
in nearly close apposition. It may be perfectly fluid 
and homogeneous, or firmer and granular, or more or 
less fibrillated. Chemically it yields albumen, gelatin, 
or mucin. 

The blood-vessels are usually very numerous, and are 
either in direct contact with the ceUs, or separated from 
them by a little fibrillated tissue. Their distribution is 
very irregular, and their walls often consist of embryonic 
tissue similar to that of the growth which they supply ; 
hence the frequency with which rupture and extravasa- 
tion of blood take place. 

Development. — The sarcomata always originate from 
connective tissue — either from the subcutaneous, the sub- 
mucous, or the subserous tissues, the fasciae, the con- 
nective tissue of organs, the periosteum, or the medullary 
tissue of bones. Their growth may take place in two 
ways, by the multiplication of their own elements — central 
growth, and by the continuous invasion of their matrix — 
peripheral growth. A peripheral growth is the great 
characteristic of the sarcomata ; they usually increase by 
the continuous invasion of their connective-tissue matrix, 
so that no line of demarcation exists between the two. 
They frequently also invade other tissues, l\iQ ^<&t5x^t^^ 
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of the growth extending for some distance into thi 
rounding stmctnres. This infiltrating tendency < 
sarcomata varies considerably in the different var 
being much more marked in the ronnd-celled tha^ i 
spindle-celled and myeloid growths. A pnrely c 
growth is less common. A sarcomatous tumour, hoi 
often becomes encapsuled, and g^wth takes place ^ 
the capsule ; but even in this case the capsule is 
times merely that of the part within which the g 
originates, as the periosteum, or the capsule of a 
phatic gland. 

Secondart Changes. — ^The most important of tt 
fatty degeneration. This always occurs to a grea 
less extent in the older portions of the growth, ca 
softening, or the production of cyst-like cavities, 
frequently associated with destruction of the 1 
vessels and hsBmorrhage : the latter may give rise ' 
formation of sanguineous cysts. (See "Blood-Cj 
Calcification, ossification, and mucoid degeneratio 
less common. The occurrence of calcification, ossific 
and pigmentation is influenced by the predisposit 
the matrix from which the growth is produced :- 
calcification and ossification are more prone to oc( 
tumours originating in connection with bone, pign 
tion in those originating from the cutis or eyeball. 

Varieties. — Although all the sarcomata posses 
same general characters, they present many histol 
and clinical differences which may serve as bas< 
their classification. The occurrence of various seco 
changes -pigmentation, mucoid degeneration, an< 
formation of cysts, impart their respective charact 
the growth ; hence melanoUc-sarcoma and cystic-sar 
have been described as distinct varieties. This is 
certain extent justifiable, inasmuch as sarcomata ' 
have undergone these transformations, in many 
possess the property of reproducing the same char; 
when they occur secondarily in other parts. Then, i 
as already stated, sarcomatous tumours are some 
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complex in their structure, and are associated with other 
tissues belonging to the connective-tissue group. A com- 
bination of sarcoma with fatty, cartilaginous, osseous, 
and mucous tissue, is thus not uncommonly met with. 
This is owing to the embryonic tissue exhibiting a ten- 
dency to develop into the different varieties of connective 
tissue. (See " The New Formations.") The mixed forms — 
chond/ro-sa/rcomob, osteosarcoma, myxo-sa/rcoma, &c., are 
thus produced. The following histological classification, 
based upon the three different forms of cells already 
described, is the one generally adopted. It must, how- 
ever, be borne in mind, that all the varieties of cells may 
be found in the same tumour, although the majority 
are usually of the same type ; hence, the majority will 
determine the class to which the growth belongs. 

SFINDLE-CELLED SABCOMA. 

These tumours, which include the growths described 
by Paget in this country as " fibro-plastic," and " recur- 
rent fibroid," are the most common of all the sarcomata. 
They consist mainly of spindle-shaped and fusiform cells, 
lying nearly in close contact, with a little homogeneous 
or slightly fibrillated intercellular substance. The cells, 
which contain well marked oval nuclei, with one or more 
nucleoli, are parallel to one another, and are arranged in 
bundles which pass in all directions through the growth, 
often giving to it a somewhat fibrous appearance. In 
those portions of the section in which the bundles of 
spindle-elements have been cut transversely they present 
the appearance of round cells. The cells vary consider- 
ably in size in different tumours, hence the division into 
small and large spindle-celled growths. 

8maU Spi/ndle-ceUed 8a/rcoma, — In these the cellular 
elements are small, often not more than -ry^xjth inch in 
length, and the intercellular substance is occasionally im- 
perfectly fibrillated. (Fig. 43.) These growths approach 
therefore the confines of the fibromata, and\ds\iC>\o^c;d^^ 
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they most be regarded sa otcopjing an intennediaU 

place between embiyonic and fully-developed conseetdTe 

tiaBue. Tbey grow from the perio«- 

team, the fascite, and from «m- 

nective tissne in otlier parte. They 

nsaally tolerably firm in eaa- 

■ aietonce, of a whitish or pinUah- 

white colour, and for the most part 

present, on section, a tranalacent 

Bomewhat fibrillated appearance. 

■- They are often encapanled, much 

'e frequently so than the other 

Tarieties of sarcoma, but they are 

very liable to infiltrate the snrroanding strnctores, and 

to recur locally after removal. 

Large Spindle-celled Sarcomo.— The cellular elements 
in these tomours are much larger than in the preiKding. 





Large ^Indh-tdltd Swtama. To tLe left — the 
eelLa have been floparated by tfoam^ so tlLat theiT 
Individual forniB are apparent to the nghl — they 
ftTB in Iheir nntnral atate of apposition, each ta 
wonld be seen In a tbio section of the tumonr. 
(Virobow.) 

The cells are plumper, and the nuclei and nucleoli are 
especially prominent, and frequently multiple, (Fig. 44.) 
The intercellular eubatance w more scanty, and there is a 
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complete absence of any fibrillation. These growths are 
much softer in consistence than the small-celled variety. 
They are of a pinkish-white colour, and are often stained 
by extravasations of blood, and sometimes in parts are 
almost difiuent from extensive fatty degeneration. They 
grow rapidly, and are usually exceedingly malignant. 

Melanotic Sarcoma. — This is a variety of sarcoma in 
which many of the cells contain granules of dark-coloured 
pigment. By far the greater number of melanotic tumours 
are sarcomata, and most of the growths which were for- 
merly described as " melanotic cancers," belong in reality 
to this class of new formations. Not only are these 
melanotic tumours most frequently sarcomata, but the 
majority of €hem consist mainly of spindle-shaped cells — 
hence they are described in the present section. 

The melanotic sarcomata originate principally in two 
fiitnations — in the choroid coat of the eye, and in the 
superficial integuments. In both of these situations 
pigment is a normal constituent of the tissues, and this 
tendency of structures normally containing pigment to 
originate melanotic growths, is exceedingly characteristic. 
(See "Pigmentary Degeneration.") These tumours 
usually consist of spindle-shaped cells, although in some 
cases the prevailing type of their elements is round or 
oval. (Fig. 46.) The pigment, which gives to them their 
distinctive characters, consists of granules of a brownish 
or dark sepia colour, which are distributed within the 
cells. (Fig. 45 c.) Frequently, only a very small pro- 
portion of the cells are pigmented, whilst in other tumours 
the pigmentation is much more universal ; in all cases, 
however, a large number of the elements will be found to 
be quite free from pigment. 

These melanotic tumours are amongst the most malig- 
nant of the sarcomatous growths. Although they have 
comparatively but little tendency to extend locally, they 
are disseminated by means of the blood-vessels, and occa- 
sionally also by the lymphatics, and thus reproduce 
themselves often very rapidly in distant tiasuea. \il ^qvcl^ 
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ao, altbongli thej almoBt invariablj rnyntn^'" ilieir mela- 
notic charactera, the degree of tlie pigmentatioii of the 
secondBTy tamooTS varies ooasideTaiblj. WUM many of 
them may be perfectly black in colour, otiieiB may be 
Fia.U. 




amfOiePenii. 

A. — A thiu section, eboving the general amngement of 
tlie elements, h iijQ. 

B.~A section from the piiriphentl part of the groirth, 
showing the "indifferent cells," unongBt which 
ace small isolated pigmented elemeotB. At a, a 



niDch paler, and perhaps only partially etreaked witb 
pigment. The secondary growths are soft, TtBoaUy dis- 
tinctly drcnmscribed, and often encapenled. They may 
occur in almoat every organ of the body — the liver, the 
spleen, the kidneys, ^e Inngs, the heart, the brain and 
epinal cord, and also the lymphatic glands and sub- 
cntaneons tissne, may all be simnltaneonBly involved. 
I ha.ve observed, that vthen occorriog in internal organs. 
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tlie pigmentation is not alwajH limited to the secon- 
dary nodnleg, but that many of the cells proper to 
the organ itself are filled with granuleB of similar pig- 
ment, which is most abundant in those cells which are 
inunediatelj adjacent to the new growth. This pigmen- 
tation of the cells of the organ often extends for some 
distance beyond the con&nes of the tnmotir. 

Osteoid Sarcoua. — This, which is often known as 
"osteoid cancer," is a variety of sarcoma (nsn^y of 
spindle-celled sarcoma) in which the growth is eithdr 
more or less calcified, or has partially become concerted 
into true bone. As a primary growth it is met with 
almost exclusively in connection with bone, growing 
either from the periosteum or the mednlla. The osteoid 
characters are nsually reproduced in the secondary 
tnmonrs occnrring in the Inngs and in other parts. 

Simple calcification is much more common than true 
ossification. Sere the growth merely becomes infiltrated 
with calcareous salts, which may be dissolved out with 
a little dilute bydrochlono acid when the characteristic 




Otteold Sureona. — FnHn a SBCoodary tomour of the tung 
gbowing the catcifiwtion ot a spindlo-celled growth, aud 
the (omuition of broad bands uf calcified intercollular ma- 
teritl eocloeiug spates which cautain round aud oval 
ceDa, « 20U. * 

sarcomatoDS atractnre becomes revealed. In other cases 
this calcification is associated with the cometKLoii iil -$cit- 
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tioDB of tfie tumour into tme, although nanallj imperfect 
bone. When thia has occurred, there nill be Been MOongBt 
the apindle-Bbaped, ronud. or mjeloid elementa, tracts of 
tissue conaistiug of broad bands of granular intercellular 
material, infiltrated with calcareoua Baits, encloaing apacen 
»hich contain spindle, oval, or round cells. (Fig. 46.) 
This atructme often much resembles cartilage. In other 
parts of the growth, where the change is more adTiujoed, 
may be seen lacnim and even canaliooli such aa are foood 
in true bone. 

In these oet«oid growths it is most important to recog- 
nise the existence of the sarcomatoos element, inasmuch 
as it is the presence or absence of this which determines 
the innocent or malignant nature of the g^ronth. Osteoid 
sarcoma must be carefoUj distingnished &om the simple 
osseous tomonr. 




Fio « This is of softer consistence 

than the spindle-celled grovths, 

and from its frequent resemblance 

in physical characters to ence- 

phaloid, it is sometimes known as 

" medullary," " encephaloid," or 

" soft" sarcoma. Histologically, 

ItoHnd-allfd Sarcoma - »t is elementary embryonic tissue, 

A tliin section of a, amall consisting mainly of the round 

^"uier'^^x ^r"°^ "' "^"^^ already described, embedded 

in a scanty, and Qsually soil, 

homogeneous, or finely grannlar intercellnlar substance, 

(Pig. 47.) The cells nsnally resemble those met with in 

the most elementary embryonic tissue ; less freqaently, 

they are larger, and contain large round or oval nuclei, 

with bright nucleoli. There is an almost complete absence 

of fusiform cells, and of the partial fibrillation which is 

so frequent in the more highly developed spindle-celled 

variety. 

The FOund-celled BaTcoma.ta are of a uniform sof^ 
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brain-like consistence, somewhat translucent or opaque, 
and of a jjrejiBli or reddisli- white colonr. On scraping 
the eat snrface, they yield a juice which ia rich in cells. 
They are esceedingly vaacnlar, the vessels often being 
dilated and varicose, and from their hability to mpture, 
they freqnently give rise to ecchymoses and to the 
formation of sanguineouB cyets. {See " Blood Cysts.") 
They grow from the cutis, the Bubcntaneous cellular 
tissue, the periosteum, the fascice, and from the connec- 
tive tisane of organs. They extend rapidly by peripheral 
growth, infiltrate the snrronnding stmctures, reproduce 
themselves in internal organs, and often involve the 
lymphatic glands. From their clinical and physical cha- 
racters, these tumours are very liable to be confounded 
with encephaloid cancer ; — they are distinguished by the 
absence of an alveolar stromtt, and by the uniformity in 
the character of their cells. 

Glioma. — This is a variety of ronnd-celled e 
growing from the neuroglia or connective tissue of n 
Fio. 48. 




uitoua TuTooara from tie Brain.— a. A 
cervbelluDi. Tliis represeDte tha appoaranoo oriliiiarily 
preaeoted b; theso gi-owlbs. b. A compnratively rars 
(orm of Bsrcoras, which coneiata of lai^e mieleattd o-IIb 
enclosfd within the meaheB of a vascular network. The 
der>:lopineiit of this tumour took place in tlic brain sub- 
sequentlj to that of BpiDdlc-celled growthn— primarily in 
tho thigh, and secondarily in the lung, x 2U0. 

It consiatB of very small round cells, embedded in an 
exceedingly scanty, homogeneous, g[aiio.\B.i, oi ^^^(^-^ 
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fibrillated interceUnlar vnbstaiice. (Fig. 48 a.) Some of 
the cells maj poueM fine prolongfttdonB which, by com- 
municating wi^ one another, form a Bomewhat reticolatfid 
atrQCtnre. These tuioourB occnr in the gnj and white 
aubstance of the brun, in the cranial nerres, and in the 
retina. In the retina thef nsnall j commence as a minnte 
nodule, which may gradoallf inereaiie nntil it pro]'ect8 as 
a lai^ fongating tumour from the orbit. Thej are not 
encapsnled, and although thej may occasionally infiltrate 
the tigsnes in which they lie and oanee secondary growths 
in their immediate vicinity, they very rarely reproduce 
themselves in the lymphatic gl&nds or in internal orf^ans. 
They are liable to smsll luemorrhages into their Btruc- 
tare, and aometameB become more or leas caseona. 

Alveolah Sakcoiu. — This ie a rare form of ronnd- 
celled sarcoma, which was first described by Billroth. 
The cells, which are large, sharply defined, round or 
oval in shape, and enclose prominent ronnd noclei, are 
separated from each other by a more or less marked 
fibrous stroma. In some parts this stroma forma smaD 
alveoli within which the cells 
Pio.49. ^^ gronpodi but carefnl ex- 
amination will always show 
that in moat parts of the sec- 
tion the stroma really pene- 
trates between each individual 
cell. It is this last-named 
character which serves to clia- 
tingnish these tumours irom 
the cancers, with which, in 
many ca«eB, they may easily 
if thBBldn. x20O, t* confounded. The accom- 
panying drawing, made &om 
a preparation kindly lent to me by Mr. E. J. Godlee, shows 
well their microscopical characters. (Fig. 4>9.) 

Alveolar sarcomata are met with principally in the 
skin, bones, and muscles. In the skin, where they are 
oAen multiple, they lead to nlceration. They tend to 
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recur locallj, and also to reproduce themselyes in in- 
teroal organs. 

HYELOm SABCOHA. 
This, which is the well-known myeloid tumonr, is some- 
what allied to the spindle-celled growths. It poBsesaeB, 
however, certain histological peculiarities which probablj 
Fio. M. 




.-a^ 



Mgelold Sarcoma. (Vlrchow.) 

depend npon the characters of the tissue front which it 
grows. Myeloid tumours nearly always occur in con- 
nection with bone, and most frequently originate in the 
mednllary carity. They consist of tha Vaxf^e, "avKc^- 
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nucleated cells already described as " myeloid cells,"— 
which resemble the cells of the mednlla in a state of 
excessive nutritive activity — together with numerous fusi- 
form cells like those met with in the spindle-celled 
varieties. There are also some smaller round and oval 
elements. The large myeloid cells, which give to these 
tumours their distinctive character, are usually much 
more numerous in those growths which originate in the 
medullary cavity than in those which spring from the 
periosteum. These various forms of cells are nearly in 
close contact, there being very little intercellular sub- 
stance. (Fig. 60.) The growths are sometimes very 
vascular, so much so as to give rise to distinct pulsation. 
They often contain cysts. 

Myeloid tumours almost always grow in connection 
with bone, the heads of the long bones being their 
favourite seat. They are also frequently met with 
springing from the periosteum of the upper and lower 
jaws, where they constitute one form of epulis. When 
originating within the medullary cavity, the compact 
tissue of the bone becomes expanded over them, and they 
thus often communicate on palpation the peculiar sensa- 
tion known to surgeons as " egg-shell crackling." These 
tumours are for the most part of firmer consistence than 
the other varieties of sarcoma ; many of them are firm and 
fleshy, althoui^h others are softer, more resembling size- 
gelatin. They are not pulpy and grumous like the soft 
sarcomata, neither do they present the fasciculated 
appearance of the spindle-celled varieties. Their cut 
surface has a uniform succulent appearance, often 
mottled with patches of red. They are often encapsuled 
by the periosteal covering of the bone from which they 
grow. They are rare after middle life, and are the least 
malignant of all the sarcomata. 

FSAMMOMA. 

Allusion must here be made to a rare form of growth 
occasion&llj met with in the brain and its membranes 
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which is known as psammoma. This growth, although 
having but little resemblance to the sarcomata, is usually 
classitied with this group of new formations. Its charac- 
teristic feature is that it consists largely of calcareous 
particles. The calcareous particles are contained in the 
concentric bodies already described as the corpora 
amylacea, where they give rise to the so-called " brain - 
sand": — hence the name of the growth. The calcified 
corpora amylacea, associated with a varying quantity of 
a cellular and fibrillated tissue, and blood-vessels, make 
up the growth. 

Psammoma is usually met with growing from the 
membranes of the brain, or from the choroid plexus. In 
the latter situation it often contains numerous cysts. It 
is of no pathological importance except when of suffi- 
ciently large size to produce symptoms from pressure. 

BLOOD-CYSTS. 

Tumours are occasionally met with into which so much 
haemorrhage has taken place as to mask their real nature, 
and to give to them the appearance of blood-cysts. The 
nature of these blood-cysts has only recently been un- 
derstood. They are now known to be in the majority of 
cases soft, round, or spindle-celled sarcomata. They 
consist of broken down blood coagula, surrounded by an 
ill-defined layer of soft sarcoma tissue. The microscope 
will also usually reveal sarcomatous elements amongst 
the altered blood. These growths are exceedingly mali^]^- 
nant, and hence the recognition of their sarcomatous 
origin is all important. 



CLINICAL CHARACTERS OF THE SARCOMATA. 

The sarcomata occur most frequently in early and 
middle life, and, next to the cancers, are the most 
malignant of the new formations. They are especially 
characterised by their great tendency to extend loealV^ 
and to infiltrate the surrounding structxiTea, ^o ^Ct^-i^X* *0c^^^ 
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are exceedingly prone to recur in loco after removal 
Tliey comparatively rarely infect the lymphatic glands, 
and in this respect present a marked contrast to the 
cancers. They are also very liable to become generally 
disseminated, althongh this is not usual in the earlier 
stages of the disease. The secondary growths occur most 
frequently in the lungs. The dissemination is effected by 
means of the blood, and this is owing to the thinness of 
the walls of their blood-vessels and to the immediate con- 
tact of these with the cells of the growth — conditions 
most favourable to the entrance of the cellular elements 
into the circulation. The dissemination of the sarcomata 
is, on this account, sometimes more rapid than that of 
the cancers. In the latter, extension in the early stage 
takes place principally by the lymphatics, and dissemina- 
tion by the blood only occurs later in the disease. The 
secondary sarcomata usually resemble the primary one, 
but in exceptional cases the several varieties may replace 
one another. 

These malignant properties, as has been seen, are 
possessed by the different varieties of sarcoma in very 
different degrees. As a rule, the softer and more 
vascular the tumour, and the less its tendency to form 
a fully developed tissue, the greater is its malignancy. 
The soft, round-celled, and large spindle-celled varieties 
are thus usually much more malignant than the firmer, 
small spindle-celled growths. Their infiltrating powers 
are much greater, they sometimes infect the lymphatic 
glands, and they tend to reproduce themselves very 
rapidly in internal organs. Many of the small spindle- 
celled tumours, after removal, never recur, whilst others 
recur locally several times, and ultimately reproduce 
themselves in distant parts. As a rule, largeness of the 
spindle elements and the existence in many of them of 
more than one nucleus, is an evidence of special malig- 
nancy. The presence of a capsule limiting the growth 
must also be taken into account in judging of the degree 



THE SARCOMATA. 179 

oaalignancy. It must, however, be borne in mind 
a growth distinctly encapsuled the sarcomatous 
bs may invade the adjacent structures. The 
I growths are the least malignant ; they may how- 
.80, in exceptional cases, give rise to secondary 
8 in internal organs. 



i;^2. 



CHAPTER XXIII. 

THE CARCINOMATA. 

The Carcmomata, or Cancers, are new formations con- 
sisting of cells of an epithelial type, without any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a more or less dense fibroid stroma. 

The term " cancer*^ has been so commonly applied inde- 
finitely to any growth possessing malignant properties, 
that " cancerous'* and " malignant''* have come to be re- 
garded by many as synonymous terms. It is important, 
however, clearly to distinguish between them. A cancer 
is a growth possessing the above-named definite struc- 
ture ; a malignant growth, on the other hand, is one 
which, independently of its structure, tends to reproduce 
itself in adjacent or distant tissues. (See "Malignancy.") 
*' Cancerous'* is an anatoinical term ; " malignant" is a 
clinical one. 

The Cancers include the four following varieties : — 
Scirrhus, Encej^haloid, Colloid, and Epithelioma, Of 
these, the first three possess the same general characters, 
although they present certain structural and clinical 
difierences which serve to distinguish them. Epithelioma 
constitutes a more distinct variety. It wiU be well, in 
the first place, to describe the characters common to the 
larger and more important group, and then those which 
are peculiar to its individual members. Epithelioma 
will be considered subsequently. 

Structuke. — In structure, scirrhus, encephaloid, and 
colloid cancer so far reaemVA^ on^ ^T^other, that they all 
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consist of cells of an epithelial type, withont any inter- 
cellular substance, grouped together irregularly within 
the alveoli of a fibrous stroma. (See Fig. 54.) Although 
there is no intercellular substance, a certain amount of 
liquid exists between the cells. It is this liquid which 
exudes from the freshly-cut surface of the cancer, and 
the number of cells which it contains give to it a milky 
appearance. 

The cells are characterised by their large size, by the 
diversity of their forms, and by the magnitude and pro- 
minence of their nuclei and nucleoli. (Fig. 51.) In size 

Fig. 61. 




Cells from a Scirrhus of the Mamma, x 350. 

they vary from ^^ to yy^o ^^ ^^ inch in diameter ; the 
majority being about five times as large as a red blood- 
corpuscle. They are round, oval, fusiform, caudate, poly- 
gonal — exhibiting, in short, every diversity of outline. 
These variations in form are principally owing to the 
mutual pressure to which in their growth they are sub- 
jected. The nuclei, which are large and prominent, are 
round or oval in shape, and contain one or more bright 
Nucleoli. The nuclei are, perhaps, most frequently sin- 
gle ; two, however, are frequently met with, and in the 
softer and more rapidly growing cancers they may be 
more numerous. The cells rapidly undergo retrogressive 
changes, hence they usually contain molecular fat. They 
are many of them exceedingly destructible, so that some- 
times more free nuclei than cells are visible. Oe^a ^x^o^.-e*^^ 
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Rimilar to these are met loth in other morbid growtliB, 
and also in the normal tiasnea. There is thos no ip^fie 
" cancer-cell." It is the general character of th« celk, 
together with their mode of diBtribntion in the meahes of 
a fibroid stroma, that determineBUie nature of the growth 
to which thej belong. The appearance presented bj 
these cells grouped within the alveoli of the cancer some- 
times closely simolates, in the earlier ttages of growth, 
that of simple adenoma. (See Fig. 40.) In adenoma, 
however, the cells resemble the epithehnm of the gland; 
thej are smaller, and less irregolai in size and shape, 
and less closely packed than those of carcinoma. In 
many cases, indeed, they form merely a single lajer 
lining the walla of the acini. 

The slroma varies considerably in amount, being much 
more abundant in some varieties of cancer than in others. 
It consbts of a more or less distinctly fibrillated tissDe, 
arranged so as to form alveoh of various forms and sizes, 
within which the ceUs are grouped. (Fig. 62,) These 








Do/lkt 


immn. Tho epila bkv. 




>ved bj 


leUliDg. X 200. 







alveoli commnnicnte with one another, so as to form a 
continuous cavernous system. The characters of the 
stroma vary with the rapidity of it« growth -. — if this is 
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rapid it will contain some round and spindle-shaped 
cells (see Fig. 56) ; if, on the other hand, it is slow or has 
altogether ceased, the tissue wiU contain but few cells, 
and will be denser and more fibrous in character. The 
latter is the condition in which it is most commonly met 
with. 

Within the stroma are contained the blood-vessels. 
These are often very numerous, and form a close net- 
work. They are limited to the stroma, and only in very 
exceptional cases do they encroach upon the alveoli.* 
This distribution of the blood-vessels is important, as 
distinguishing the cancers from the sarcomata. In the 
latter, the vessels are not supported by a stroma, but 
ramify amongst the cells of the growth; hence the 
facility with which these tumours become generally dis- 
seminated. 

In addition to the blood-vessels the cancers also possess 
lymphatics. These accompany the blood-vessels, and, as 
has been shown by MM. Cornil and Ranvier, communi- 
cate freely with the alveoli. This explains the great 
tendency of cancer to infect the lymphatic glands. 

Development. — The question of the genesis of cancer 
involves that of the genesis of epithelium generally. It 
is maintained by many Histologists that epithelium can 
only originate from epithelium, and that the strata of 
cells set aside in the embryo for the production of the 
epithelial tissues is the source from which all epithelium 
is subsequently derived. Others admit that epithelium 
may also originate from connective tissue. (See " Deve- 
l'>pment of the New Formations.") A like difference of 
opinion exists as to the source of the epithelioid cells of 
cancer. By many — as Waldeyer, Thiersch, and Billroth 
— they are regarded as originating only from pre-existing 
epithelium. Others — amongst whom are Virchow, Liicke, 



• In soft, rapidly gi'owing cancers the blood-vessels have occa- 
sionally been observed to project as tufts into the alveoli. See case 
reported by Mr. Marcus Beck and Mr. Arnott. "Trans. Path. Soc. 
Lond.," 1«74, p. 224. 
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Rindflcisch, and Klebs — maintain that they may also be 
derived from cells belonging to the connective tissne. It 
is also believed by some — as Koster — ^that many cancers 
oriprinate from the endothelium o^ the lymphatics. 

The difficnlty of determining the genesis of cancer is 
partly owin^ to the fact that it nsually originates in 
structures where epithelium is normally abundant, as in 
the mamma, skin, and alimentary canal ; and that this 
normal epithelium is always, from the earliest stage of 
the growth, the seat of active proliferation. In cancer of 
tlie mamma, for example, the first change often observable 
is an accumulation of epithelium within the dncts of 
the gland, a condition very similar to that already de- 
scribed as occurring in the development of an ordinary 
glandular tumour. (See "Adenoma.") Soon, however, the 
epithelium alters its characters. The cells become larger 
and more irregular in shape, and their nuclei are more 
prominent. The epithelium is then fonnd outside the 
ducts, amongst the inter- and peri-glandular" connective 
tissue, which is also in a state of active proliferation, and 
is infiltrated with small round cells. The outline of the 
ducts ultimately becomes completely annihilated, and the 
epithelioid cells are seen in alveoli formed of a fibroid 
tissue. The question arises as to whether the epithelioid 
cells, which constitute the ultimate cancerous growth, 
()ri<,nnated from the epithelium normally existing within 
the ducts of the gland, which in the process of develop- 
ment has extended beyond the ducts into the surrounding 
tissue; or, whether they originated in the connective 
tissue — the proliferation of the glandular epithelium 
being merely a secondary process, and resulting from the 
irritation of the inter-glandular growth. Although this 
question cannot be regarded as finally settled, the former 
view is certainly the more probable one, and the doctrine 
of the epithelial origin of cancer is now steadily gaining 
ground. The tendency which is exhibited by the cells of 
cancerous growths to maintain the type of the epithelial 
structures in the vicinity of which they grow, is greatly 
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in favour of this view that they are derived from the epi- 
thelium. In cancers situated near the cutaneous surfaces, 
for example, the cells are usually of the squamous type, 
whereas in those growing in connexion with the glands of 
mucous membranes, they more commonly resemble the 
epithelium of the gland. In adopting this doctrine of the 
origin of cancer it is obviously impossible to admit the 
occurrence of primary growths in situations where no 
epithelium normally exists — as in bone and muscle ; and 
we now know that tumours in these tissues which were 
formerly described as cancers, are in reahty sarcomata. 
With regard to the new formation of the epithelial 
elements, the researches of Dr. Creighton, which show 
that this takes place principally by a process of vacuola- 
tion and endogenous growth; has been already alluded to. 
(See " Development of New Formations.") 

The stroma of cancer, although partly the pre-existing 
connective tissue of the part in which the cancer origi- 
nates, is in the main a new formation, and it may pro- 
bably be regarded as the result of the irritation of the 
connective tissue by the infiltrating epithelial cells. 

The cancers in their growth never become encapsuled, 
but gradually infiltrate the surrounding structures. This 
process of infiltration is very characteristic, and is more 
marked in cancer than in any of the malignant growths. 
A zone of small-celled infiltration is seen for some dis- 
tance around the confines of the tumour, so that there is 
no line of demarcation between it and the normal struc- 
tures. (See Fig. 53.) 

Secondary Changes. — The most important of these is 
fatty degeneration. This always occurs to a greater or 
less extent in all the varieties of cancer. The more rapid 
the growth, the earlier does this retrogressive change take 
place, and the greater is its extent ; hence it is usually 
most marked in encephaloid. It produces softening of 
the growth, which is often reduced to a pulpy cream-like 
consistence. Pigmentation mucoid and colloid degenera- 
tion may also occur. Calcification is very laTeV^ tci^\» ^>Ock.. 
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Varieties. — ^The term "cancer" was so vaguely applied 
by the older pathologists — ^nearly all malignant forma- 
tions being included under this head — that considerable 
confusion has resulted in the classification of cancerous 
growths. Peculiarities in situation, structure, and ap- 
pearance have given rise to special names, hence the 
terms— " osteoid " " cliond/roid" ** cystic" "mlZow«," and 
" hcematoid" cancer. A cancer containing large quantities 
of pigment was described as a distinct variety, under the 
name of melanotic cancer. Melanotic cancer, however, 
is comparatively rare. The majority of tumours which 
are thus designated are in reality sarcomata. (See " Me- 
lanotic Sarcoma.") 

The most convenient classification, and that which is 
now generally adopted, divides the cancers into four 
groups : — scirrhus, fibrovSj or chronic cancer ; encepha- 
loid, medullary, or acute cancer; colloid or gelatiniform 
cancer; and epithelial cancer, or epithelioma, including 
adenoid cancer. This division is based principally upon 
the relative proportion of the stroma, and upon the type 
of the epithelial elements. 

SCIRRHUS CANCER. 

Scirrhus, fibrous, or chronic cancer is characterised by 
the large amount of its stroma and by the chronicity of 
its growth. The slowness in the development of scirrhus 
probably accounts in great measure for the peculiarities 
in its structure and physical characters. 

The epithelial growth, although at first it may be 
luxuriant, quickly subsides. The elements soon atrophy 
and undergo retrogressive changes. They are most 
abundant in the external portions of the tumour, where 
growth is taking place ; in the central portions they may 
be almost entirely wanting. The accompanying figures 
(Figs. 53 and 54) show the appearances presented by 
scirrhus of the mamma in the earlier stages of its 
development. 
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The degeneration of the epithelial elemente is pro- 
bably owing to the eiMBBive growth of the stroma, and 
to the Babaeqnent iaduration and contraction which it 
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undergoes. It quickly assumes the characters of cica- 
tricial tissue, and becomes bard and indurated. This 
ca,nHea obstruction and ohhteration of the blood-vessels 




which it contains, and it is probably to this interference 
with the vascular supply that the arrest in the develop- 
ment of the cancer is owing. The whole of the central 
portions of the growth may thus uW.imo.'iAY^ iai\i.«&\i 
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simply ot dense fibroid tiBsne amongat wluch ar« 
contained atrophied epithelial cells and fatty d^bna 
(Fig. j5) the periphery bein^ the only part where the 




Scfrrftw of IA« ifamma. — A section frOBi the 
mare central portions of the tumour, abowin^ the 
atrophy of the ejiithelial cells, the diminution in 
the tiize of the alveoli, the fibroid tissue, and the 
fatty d^ris. a, earlier stage ; A, more advanced. 
X 2U0. 

epithelial etmctnre is vieihle. The amonnt of atrophy 
and contraction varies coneiderahly in different cases. 

The physical characters of sciirhtia are in the same 
way due to the abundance of its stroma. The growth is 
firm and hard, and it is usually depressed in the centre, 
owing to the contraction of the fibroid tissue ; this is very 
characteristic of ecirrhus of the breast, where it causes 
puckering of the superjacent structures. On section the 
tumour preseuts a greyish-white glisteniug surface, some- 
times intersected with fibrous bands. The more external 
are less firm than the central portions of the growth, and 
yield, on scraping, a juice which is rich in nucleated cells, 
free nuclei, and granules. 

Scirrhus is most commonly met with in the female 
breast, and in the alimentary canal — especially in the 
oasophagus pylorus, and rectum. It also occasionally 
occurs in the skia. The secondary growths to which it 
gives rise are often encephaloid. 

EN CEr HALOID CAKCEB. 

Eneepk<doid, medullary, or acute cancer, is very closely 
allied to the preceding, itom TiVuii i.'i, differs merely in 
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tlie greater rapidity of its growth, and tbe consequent 
Bmall amount of its etroma, and the softneas of its 
aiatenee. Encephaloid and acin-Hus caanot be regarded 
as in any waj conatituUng distinct varieties of o 
There are all intermediate stages between them, and the 
diEEerencea in the rapidity of their growth, and cc 
queutly in their stnictnre and phyaical characters, 
stitnte their only distinctive featnres. 

The epithelial growth in eucephaloid is rapid and 
abundant, and the cells, for the most part larger than in 
scirrbas, quickly undergo fatty degeneration, so that 
oft«n more free nnclei than cells are visible. The pro- 
portion of stroma is very small, and owing to the rapidity 
of its growth, it is much leas fibrous than that of scirrhus, 
and does not undergo a similar cicatricial contraction. 
(Fig. 66.) The blood vessels are often very abundant, 
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and the tissue supporting them being soft and non- 
resistant, hasmorrliage occasionally takes place. 
Encephaloid cancer ia of a aoit ^raiaAiVe tititia\a'u&Ti'yii 
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COLLOID CANCER. 



embedded (See Fig 7 ) Many of them d aplaj a 
lamellar surface the r boundary be ng marked by con 
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between it and scirrhus are occasionally met with. It 
differs from the other varieties of cancer in always 
growing in connexion with a cntaneons or mncoiis sur- 
face — the junction of the two being its usual seat — and 
in its epithelial elements closely resembling the squamous 
variety of epithelium. 

Tlie cells of epithelioma are in the main indistingnish- 
able from those met with on the cutaneous surfaces, and 
on the mucous membrane of the mouth. They vary in 
size from ^J^ to yogts of a,n inch in diameter, the average 
being y-J^. They contain usually a single nucleus ; fre- 
quently, however, the nuclei are multiple. (Fig. 58.) 

Fig. 68. 




CelU from an Epithelioma of the Lip. x 250. 

They are often considerably flattened and distorted in 
shape, owing to the pressure to which in their growth 
they are subjected, but they never present those nume- 
rouR varieties in outline which are met with in the other 
varieties of cancer, neither do they exhibit the same 
marked tendency to undergo fatty degeneration. The 
rXS i^' '^"^ r''' ? peculiar :^some of them 
, . ^^^^ e^cn other; otliers are less reffnlarlv 

to become arm4edcL.!S "^"n"^ "^ "'""^■- *^^ ^''^ 
"aiiRedcoYiceutTwaUy va groups so as to form 
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globular maaaeB. These masaes are tlie " eoneentrie 
globes," or " ^thelial nests," which are bo commonly met 
with wherever aquamouB epithelium is nndergoing rapid 
growth, and which, although not diBtinctive, are ei- 
ceediuglj characteristic of epithelioma. As the epithehnm 
multiplies, the peripheral layers of cells become flattened 
by pressure against the sorrounding strnctnres, whilst 
those in the centre remain more or less spherical in shape 
like those of the deeper layers ol the epidermis. (Pig. 59.) 







The cells may he so closely packed as ultimately to 
become hard and dry like those of the nails and hair, and 
the globes are then of a brownish -yellow colour and of a 
firm consistence. These globes are often large enough 
to be readily visible to the naked eye, aad owmft V> 'flcft 
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growing embryonic, and an incompletely fibrillated tissne. 
It may be tolerably abnndant, or almost entirely wanting. 
It rarely forms such a marked alveolar structure as that 
which characterises the. other varieties of cancer, but 
usually consists simply of a small-celled infiltration sur- 
rounding the epithelial elements, which may ultimately 
become developed into a more or less completely fibril- 
lated tissue. (Fig. 60.) 

With regard to the development of epithelioma — ^there 
can be no doubt that its epithelial elements are derived 
from the epithelium of the skin or mucous membranes, 
or from that of the glands which are situated in these 
tissues. The growth commences by a proliferation of this 
epithelium, which as it increases becomes heterologous , 
extending beyond the normal limits into the subjacent 
connective tissue, and even into muscle, bone, and other 
structures (Fig. 60) ; and it is this heterologous develop- 
ment of epithelium which is the essential characteristic 
of epithelioma. This extension of the epithelium into 
the subjacent connective tissue produces in the latter an 
irritative growth, and thus the groups of epithelial ele- 
ments are always surrounded by a small-celled (" indif- 
ferent") tissue, the small-celled growth preceding the 
epithelial invasion. (Fig. 60.) 

Epithelioma usually presents itself in the first place 
either as a small foul ulcer with indurated edges, or as a 
subcutaneous induration or nodule which subsequently 
ulcerates. The surface of the ulcer is frequently papil- 
lated and villous, owing to the irregular growth of the 
corium. The tumour itself is firm in consistence, often 
more or less friable, and on section presents a greyish- 
white granular surface, sometimes intersected with lines 
of fibrous tissue. The cut-surface yields on pressure a 
small quantity of turbid liquid, and in many cases also 
a pecuUar, thick, crumbling, curdy material can be ex- 
pressed, which often comes out in a worm-like shape, like 
the sebaceous matter from the glands of the skin. Thig» 
latter is very characteristic. It is compoaed oi e^\\^i^\"a\ 
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scales, and on being mixed with water it does not diffuse 
itself like the juice of other cancers, but separates into 
minute visible particles. If it is very abundant, the 
cancer is soft and friable, and the material can be seen 
in the cut-surface as small scattered opaque dots. 

Epithelioma has its primary seat in the immediate 
vicinity of the cutaneous or mucous surfaces, the point of 
junction of the two being its favourite habitat. It appears 
in most cases to owe its origin to some external source of 
irritation. It is rare in the young, and is most frequently 
met with in the lower lip at the junction of the skin and 
and mucous membrane, on the tongue, prepuce, scrotum 
("chimney-sweep's cancer"), labia, eyelids, cheeks, and 
in the uterus and bladder. As it extends it may involve 
any tissue — muscle, boniB, and tendon may be alike impli- 
cated. It usually infects the lymphatic glands, bnt veiy 
rarely occurs in internal organs. 

Cylindrical Epithelioma or Adenoid Cancer. — ^These 
terms are applied to those forms of epithelial cancer 
which grow from mucous membranes with colunmar 
(cylindrical) epithelium, as from those of the stomach and 
intestines. In these tumours the epithelial elements are 
similar to those of the mucous membrane from which 
they grow. They are cylindrical in shape, and are 
arranged perpendicularly to the walls of the alveoli in a 
manner precisely analogous to that of the columnar 
epithelium on the mucous surface. There is rarely a 
formation of concentric globes, and the growths are of a 
soft, and often gelatinous consistence. These tumours 
cause secondary growths in the lymphatic glands, and 
sometimes in the liver and lungs, which possess the same 
characters as the primary cancer. The distinction be- 
tween them and simple adenomata is often exceedingly 
difficult. (See " Adenoma of Mucous Membranes.") 



Clinical CnARACTERS of the Canceks. — In speaking of 
the clinical charactexa oi t\ie. c;acac«;T%^ it h important in 
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tlie first place to make a distinction between epitHelioma 
and the other varieties. Epithelioma, as far as its malig- 
nancy is concerned, occupies a very inferior position to 
scirrhus, encephaloid, and colloid. These latter varieties 
of cancer possess in the highest degree mahgnant pro- 
perties. They extend locally, invading indiscriminately 
the tissues amongst which they grow, and reproduce 
themselves in the lymphatic glands and in internal 
organs. In the process of dissemination, however, they 
present some peculiarities which distinguish them from 
growths which are sometimes equally malignant — viz., 
the sarcomata. The cancers are characterised by their 
great tendency to reproduce themselves in the neighbour- 
ing lymphatic glands. This implication of the lymphatics 
is usually much more marked than in the sarcomata, 
in which it but comparatively rarely occurs, and this is 
probably owing to the communication of the lymphatic 
vessels with the aveolar spaces of the cancerous growth. 
The general dissemination in internal organs, on the other 
hand, is often effected much less readily in cancer than in 
sarcoma, and the course of the former is therefore some- 
times more protracted than that of the latter. This 
difference is explained by the difference in the distribution 
of the blood-vessels: — in cancer, these are contained in 
the stroma, and very rarely come into contact with the 
cells of the growth ; whereas, in the sarcomata, they 
ramify amongst the cells, and their walls being composed 
of thin embryonic tissue like that of the growth which 
they supply, dissemination through the medium of the 
blood is rapidly and readily effected. In cancer, the lymph 
being so important a medium of infection, the reproduction 
of the growths in internal organs may be considerably 
delayed : the progress of the disease becomes arrested by 
the lymphatic glands, and its further dissemination is 
often only effected after these have become very generally 
and extensively involved. 

With regard to the difference in the clinical charac- 
ters of these three varieties of cancer— t\ie ^^^^m\\ia.\Asya. 
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of encephaloid takes place mticli more rapidly than that 
of scirrhus, owing to the greater rapidity of its growth, 
its greater vascularity, and the greater activity of its 
epithelial elements. Colloid is somewhat inferior in the 
degree of its malignancy to both scirrhus and encepha- 
loid. 

Epithelioma is of all the cancers much the least malig- 
nant. It extends locally, and may infect the neighbour- 
ing lymphatics, but it comparatively rarely reproduces 
itself in internal organs. This is probably owing to the 
size and character of its epithelial elements, which render 
them much less liable to be transmitted by the blood and 
lymph- streams than are the cells of the other varieties of 
cancer. 

In all the varieties of cancer there is a tendency for the 
secondary growths to repeat the characters of the primary 
one. This is most marked in epithelioma. In scirrhus, 
the secondary growths in internal organs, although some- 
times resembling the primary tumour, are often more 
rapidly developed, are softer and more vascular, and in 
accordance with the distinction which has been made 
between scirrhus and encephaloid, they must be regarded 
as belonging to the latter variety of cancer. 



CHAPTER XXIV. 

CYSTS. 

In addition to the new growths already described, there 
is a large class of formations, many of which cannot be 
regarded as " tumonrs" in the strict application of this 
term. These are the cysts or cystic tutnours. 

A <yyst is a cavity containing liqnid or pnltaceons 
material, which is separated from the surrounding struc- 
tures by a more or less distinct capsule. It may be a 
new formation, or a pre-existing structure which has 
become distended by its own secretion, or by extrava- 
sation into it. The former, only, comes within the 
category of new growths, although, for the sake of con- 
venience, it will be advisable to consider them both under 
one head. 

There are thus two principal modes by which cysts 
originate — one, the most frequent, by the gradual accu- 
mulation of substances within the cavities of pre-existing 
structures, which are, for the most part, products of their 
own formation, being in some cases a secretion, and in 
others a cell-growth ; the other, by the independent for- 
mation of a cyst in the tissues. 

The accumulation of secretions and of other products 
within pre-existing camties, may be effected in the three 
following ways : — 

1st. By the retention of the normal secretion owing to 
the closure of the excretory ducts — as so often occurs in 
sebaceous glands. 

2nd. By excessive secretion, the cavity being unpro- 
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vided with an excretory duct — as in the formation ol 
bursas. 

3rd, By the extravasation of blood into the cavity— as 
in haBmatocele. 

The independent formation of a cyst may take place— 

1st. By the softening and liquefaction of the tissues in 
some particular part, owing to mucoid or fatty changes. 
The tissues around the softened matters become con- 
densed, and ultimately form a kind of cyst-wall. 

2nd. By the enlargement and fusion of the spaces in 
connective tissue, and the accumulation of fluids within 
them. The surrounding tissue becomes condensed, and 
forms a cyst- wall ; and this may, in some cases, become 
lined with secreting cells. 

3rd. By the formation of a cyst-wall aronnd foreign 
bodies, parasites, or extravasated blood. 

Structure. — ^The wall of the cyst will vary in its 
nature according as it is a pre-existing or a newly formed 
tissue. In the former case, it will possess an epithehal 
lining which will present the same characters as that of 
the gland, serous membrane, or other structure, from 
which the cyst originated. If the cyst is a new growth, 
it rarely possesses an epithelial lining, but consists simply 
of a fibrous capsule. The cyst-wall is sometimes firmly 
connected with the adjacent parts, so that it can only 
with difficulty be separated ; in other cases, the union is 
much less intimate. Instead of being a distinct struc- 
ture, it may be simply the surrounding tissue which has 
become dense and fibrous in character. 

The contents of cysts are very various, and may serve 
as a basis for their classification. In the retention-cysts, 
they will vary with the nature of the normal secretion — 
serum, sebaceous matter, saliva, milk, seminal fluid, and 
other substances are thus found in these cysts, more or 
less altered in character from being retained in a closed 
cavity. In the exudation-cysts, serum is the most fre- 
quent constituent ; and in extravasation-cysts, blood. In 



CYSTS. 201 

those cysts which originate from the softening and break- 
ing down of tissue, the contents are the products of 
retrogressive tissue-metamorphosis, and usually consist 
largely of mucin, fatty matters, and serum. 

Secondary Changes. — These may take place in the wall 
of the cyst, or in its contents. The cyst- wall itself may 
become the seat of new growths, and produce secondary 
cysts, villous, glandular, and other structures : — this 
occurs in many compound ovarian cysts. It may also 
be the seat of an inflammatory process, which terminates 
in suppuration and granulation, and by this means the 
cyst frequently becomes obliterated, its contents being 
either absorbed or discharged externally, and the cavity 
closing by granulation. Calcification and ossification of 
the wall may also occur. The contents of cysts undergo 
various changes, owing to their retention in a closed 
cavity. The secretions become altered in character, 
thickened and viscid. Epithelial elements undergo fatty 
changes, and so give rise to cholesterin crystals. Cal- 
cification of the contents is also common. 

Cysts may be simple or compound. A simple cyst 
consists of a single loculus. A compound or multilocular 
cyst is one consisting of numerous loculi, which either 
communicate with one another, or remain isolated. Ano- 
ther variety of compound cyst, consists of a cyst with 
endogenous growths, the larger cyst having others grow- 
ing from its walls. A compound cyst may become a 
simple one by the destruction of its walls. 

Cysts are frequently associated with other growths, 
hence. the terms — "cystic-sarcoma," "cystic-cancer," &c. 
It is especially in those growths which originate in glan- 
dular structures, as in the mamma, testicle, and ovary, 
that this combination is met with. The cystic develop- 
ment may almost entirely obhterate the structure of the 
tumour in which it takes place, so that ultimately the 
latter becomes converted into a combination of cysts. 
In other cases large portions of the tumour grow into 
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the cystic cavities. Considerable difficnlty is thus not 
tinfreqaentlj caused in determining the nature of the 
original growth. 

Classification. — Cysts may be most conveniently clas- 
sified according to their mode of origin, thus : — 

CLASSIFICATION OF CYSTS. 

I. Cysts formed hy the c^ccvmuUUion of substances 
ivithm ths cavities of pre-existing structures, 

A. Betention Cists. — Cysts resulting from the re- 

tention of normal secretions. These inclnde— 
a. Sebaceous Cysts. — These are formed by the re- 
tention of secretions in the sebaceous glands. 
Such are comedones and atheromatous tu- 
mours. 
p. Mucous Cysts, — ^These are formed by the reten- 
tion of secretions in the glands of mucous 
membranes. 
y. Cysts from the retention of secretions vn other 
parts, including — Eanula, from occlusion of 
the salivary ducts ; Encysted Hydrocele, from 
occlusion of the tubuli testis ; cysts in the 
mammary gland, from obstruction of the 
lacteal ducts; simple and some compound 
cysts of the ovary, from dilatation of the 
Graafian follicles ; and simple cysts of the 
liver and kidneys. 

B. Exudation Cysts. — Cysts resulting from exces- 

sive secretion in cavities unprovided with an 
excretory duct. These include Bursas, Ganglia, 
Hydrocele, and many cysts in the broad liga- 
ment. 

C. Extravasation Cysts. — Cysts resulting from 

extravasation into closed cavities. These in- 
clude Hasmatocele, and some other forms of 
sanguineous cysts. 
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U. Cysts of independent origm. 

A. Cysts pbom Softening op Tissues. — ^These are 

especiallj common in new formations, as in 
enchondroma, lipoma, sarcoma, &c. 

B. Cysts fbom Expansion and Fusion op Spaces 

IN Connective Tissue. — ^These include — 
a. Bv/rsoB, originating from irritation and exuda- 
tion into the tisanes. 
/3. Serous cysts vn, the neck (often congenital). 
y. Many compotmd ovarian cysts,* 

C. Cysts pokmed abound Foreign Bodies, Extea- 

YASATED Blood, and Parasites. 

D. Congenital Cysts. — These include many Der- 

moid cysts. These appear often to be the 
remains of blighted ova. They contain fatty 
matters, hair, teeth, bones, <&c. 



• See Dr. Wilson Fox, on Cystic Tumours of the Ovary, " Med. 
Chir. Soc Trans.," vol. xlviL 



CHAPTER XXV. 

INFLAMMATION. 

The morbid processes which have thus far been described 
have been mainly characterised by some alteration in the 
nutrition of the histological elements of the tissues ; either 
by a diminution in their nutritive activity — as in atrophy 
and the degenerations, or by an increase — as in hyper- 
trophy and the new formations. In the process of 
inflammation an alteration in nutrition also plays a 
prominent part, but changes in the blood-vessels and in 
the circulation are its essential and most important con- 
stituents. 

Inflammation may be defined to be the succession of 
changes which takes place in a living tissue as the result 
of some kind of injury, provided that this injury be in- 
sufficient immediately to destroy its vitality. With re- 
gard to the nature of the injury — it may consist in some 
direct damage to the tissue, either by mechanical or 
chemical agents, or by substances conveyed to it by means 
of the blood-vessels or lymphatics ; or the injury may be 
indirect, as in some cases of inflammation of internal 
organs arising from exposure to cold. In all cases, how- 
ever, some injury of the tissue — an injury which impairs, 
and if of sufficient intensity would destroy, its vitality — 
precedes the occurrence of the local changes which con- 
stitute the inflammatory process. 

The exact nature of these changes has, for the most 
part, been ascertained during the past ten years, mainly 
owing to the experimental researches of Professors 
Cohnheim, Strieker, and Butdon Sanderson. The method 
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of investigation has consisted in the artificial production 
of inflammation in the lower animals, and the obser- 
vation of the process as thus induced. The process 
comprises — 

1st. Changes in the blood-vessels and circulation, 

2nd. Exudation of liquor sanguinis and vnigration of 
blood-corpuscles; and 

3rd. Alterations in the nutrition of the i/nflamed tissue. 

It will be well, iu the first place, to consider each of 
these separately, in the order in which they occur, and 
subsequently to endeavour to point out how far a causal 
relation exists between them. 

I. Changes in the Blood-vessels and Circulation. — 
Changes in the blood-vessels and circulation, resulting in 
increased vascularity, have ever been regarded as playing 
a most important part in inflammation, as upon them 
principally depend those signs of the process which are 
most obvious during life. The redness, heat, and swell- 
ing, which are so constantly met with in inflamed tissues, 
are in great measure due to the attendant hyperaemia. 
The swelling, however, is in most cases dependent rather 
upon the effusion than upon the over-fulness of the 
blood-vessels. 

These changes in the blood-vessels and circulation are 
essential constituents of inflammation, both in vascular 
and in non-vascular tissues. In the latter, which com- 
prise the cornea and cartilage, they take place in the 
adjacent vessels from which these tissues derive their 
nutritive supply. The nature of these vascular changes 
has been studied by the artificial production of inflamma- 
tion in transparent tissues, in which the circulation can be 
readily observed : the web, mesentery, and tongue of the 
frog, and the wing of the bat, being most convenient for 
this purpose. The phenomena, as observed in the mesen- 
tery of the frog, which has been previously curarised, 
may be thus briefly described : — 

The first effect of injury of the mesentery — mere ex- 
posure to the air being sufficient for thL© t^ux^c^^^— Sa \/5» 
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cause diUitatwn of the arteries, and after some interral, 
a similar dilatation of the veins and capillaries. The 
dilatation of the arteries commences at once, and is not 
]troooilod by any contraction. It gpradnallj increases for 
alv>ut twelve hours, and is accompanied also hj an in- 
crease in the lengrth of the vessels, so that they become 
more or less tortnons. This enlargement of tbe blood- 
vessels is associate at the commencement of the process 
with an accderafion in tbe flow of blood; this, however, 
is sixm followed by a considerable retardation in the 
circulation, the vessels still remaining dilated. These 
alterations in the rapidity' of the blood-flow cannot be 
owiui^ to the increase in the calibre of the vessels, which 
remain throughout dilated. 

It has, however, long been known that tbe acceleration 
of the blood-flow in an injured part — the so-called determi' 
nnf!"n of bkxKl,which was so correctly described more than 
thirty years ago by Dr. C. J. B. Williams, is not neces- 
sarily fv»llowed by retardation. It may gradually subside 
without retardation or any of the essential phenomena of 
intlaniiiiation taking place. Colinheim has consequently 
stated in his more recent researches on inflammation, 
that the dilatation of the vessels and the increased 
velocity of the blood-current which ensue immediately 
after the infliction of the injury are only temporary and 
accidental. They may even, in some cases, be followed 
by contraction Wfore the permanent dilatation com- 
mences. The permanent dilatation and diminished velo- 
city, on the other hand, come on slowly and are perma- 
nent, and these must be regarded as the proper vascular 
phenomena of inflammation. These proper phenomena 
may be induced without the previous occurrence of the 
accidental ones.* 

In studying the retardation of the circulation in the 
dilated vessels of the mesentery, it will be found that 



* *'Koue Untorsuchungeu Uber dio EntzUudung." Colinheim^ 
1873. 
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this sometimes commences somewhat snddenlj, and that 
it is usually first observable in the veins. It graduaUy 
increases, until, ultimately, in some of the capillaries the 
blood- stream completely stagnates. This constitutes the 
condition known as inflammatory stasis. 

As the circulation becomes slower, the white blood- 
corpuscles (leucocytes) accumulate in the veins. Their 
natural tendency to adhere to the sides of the vessel is 
increased, so that they may nearly fill the tube. At the 
same time they exhibit active movements, by means of 
which they penetrate the walls of the vessels and pass 
into the surrounding tissues. Having escaped, they con- 
tinue to exhibit active movements, and they may probably 
multiply by division. The red corpuscles also accumulate, 
more especially in the capillaries, and they likewise escape 
through the walls of these vessels, although in smaller 
numbers than the white. The mesentery thus becomes 
so filled with escaped corpuscles that but little else is to 
be distinguished. These phenomena will be described 
under the head of " Exudation of Liquor Sanguinis and 
Migration of Blood- Corpuscles." 

Stasis, — The phenomena of stasis can be better studied 
in a more localised inflammatory process, such as may be 
produced by the application of some injurious agent — a 
small piece of nitrate of silver, for example — to the 
tongue of the frog. The stagnation of the blood which 
ensues is described by Cohnheim in his more recent re- 
searches, already alluded to, as being most marked in 
those capillaries which are situated in the more central 
portions of the inflamed area — here there is absolute 
stasis and no emigration of corpuscles takes place. Out- 
side this there is an area in which the blood is circulating 
very slowly, and here both red and white corpuscles pass 
out of the capillaries ; whilst more externally still, the 
white corpuscles only escape from the veins. The central 
area, which usually dies, is thus surrounded by an enor- 
mous number of red and white corpuscles ; ai^ the red 
corpuscles which have accumulated in tbia ^x^^ ^x^ ^i^<i 
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closely packed tliat their ontUnes can scarcely be cBs- 
tinguished. 

IL Exudation of Liquor SASTGUnns Aim. Migsatioh 
OF Blood-Coepuscles. — Another constituent of the in- 
flammatory process consists in the exudation of the liquor 
sanguinis and the migration of the blood-corpuscles. 

a. Migration of Blood- Corpuscles. — The migration of 
the white blood-corpuscles (leucocytes) through the walk 
of the blood-vessels was first described, although yeiy in- 
completely, by Dr. W. Addison in 1842.* This obserrer 
stated as the result of his researches, that in inflamma- 
tion these corpuscles adhered to the walls of the yessels 
and passed through them into the surrounding tissues. 
In 1846 Dr. Augustus Waller described more fully the 
same phenomenon, and from his description there can be 
little doubt that he actually observed the emigration of the 
corpuscles.f Both these observers concluded that the 
escaped blood-corpuscles became pus-corpuscles. Their 
observations, however, were but little thought of and were 
soon forgotten, and it was not until 1867, when similar 
investigations were instituted quite independently by 
Professor Cohnheim, of Berlin — to whose minute re- 
searches we must ascribe most of our present knowledge 
on this subject — ^that the emigration of blood-corpuscles 
came to occupy an important place in the pathology of 
inflammation.J 

The emigration may be observed in the mesentery of 
a frog which has previously been paralysed by the sub- 
cutaneous injection of curare. The changes in the 
blood-vessels and in the circulation, and the accumula- 
tion of blood-corpuscles in the part, have been already 
described ; it remains only to consider the phenomena of 
emigration. 

• " Experimental and Practical Besearches on Inflammation." 
Trans. Prow Med. Assoctation^ 1842. 

t Phil. Magazine, vol xxix. 1846. 

t "Ueber Entziindung und Eiterung," Virchow*s "Archiv," 
vol. x2. 
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The wMte blood-corpuscles (lencocytes) whicli have 
accaninlated in large numbers, especially in the veinR, 
remain almost stationary against the walls of the vessel, 
the blood-current passing by them, although with much 
diminished velocity. Those immediately adjaeent to the 
wall, gradually sink into it, and pass through it into the 
surrounding tissue. In doing so they may be observed 
in the various stages of their passage. At first small 
button-shaped elevations are seen springing from the 
outer wall of the vesseL These gradually increase until 
they assume the form of pear-shaped bodies, which still 
adhere by their small ends to the vascular wall. Ulti- 
mately the small pedicle of protoplasm by which they are 
attached gives way and the passage is complete, the cor- 
puscle remaining free outside the vessel. 

The red corpuscles at the same time pass out of the 
vessels, but in less considerable numbers, and their transit 
is mainly through the walls of the capillaries, in which 
they have more especially accumulated. As has already 
been stated, in those portions of the inflamed tissue where 
absolute stasis has occurred, no emigration takes place- 

/3. Exudation of Liquor Sanguinis, — ^Associated with 
the passage of the blood-corpuscles through the walls of 
the vessels, is an exudation of the liquor sanguinis. The 
exuded liquor sanguinis — which constitutes the well- 
known inflammatory effusion — differs from the liquid 
which transudes as the result of simple mechanical 
congestion, inasmuch as it usually contains a larger 
proportion of albumen and fibrinogenous substance, a 
proportion which increases with the intensity of the 
inflammation. It also contains an excess of phosphates 
and carbonates. 

The most characteristic feature of inflammatury effu- 
sion is the large number of cell-structures which it con- 
tains. These are the direct product of the intiamed 
tissue, and are in no case generated spontaneously in the 
effused liquid. Most of them are migrated blood-cor- 
puscles, others are derived from the prolifexalm^ ^^isi^^Va'a. 
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of the tissue. The quantity and nature of the efhision 
will thus vary with the tissue inflamed, and with the 
severity of the inflammatory process. In non-vascnlar 
tissues, as cartilage and the cornea, exudation can only 
occur to a small extent from the neighbouring vessels, 
and hence the effusion is small in quantity. In dense 
organs, as the liver and kidney, owing to the compact- 
ness of the structure, a large amount of eflusion is im- 
possible, and what there is, is so intermingled with the 
structural elements of the organ that it does not appear 
as an independent material. In the kidney it escapes 
into the urinary tubes, and so appears in the urine. The 
efliision is most abundant, and constitutes an important 
visible constituent of the inflammatory process, in inflam- 
mation of those organs which possess a lax structure and 
in which the vessels are but little supported — as the lungs, 
and in tissues which present a free surface — as mucous 
and serous membranes. 

III. Alterations in the Nutrition of the Inflamed 
Tissue. — The remaining constituent of the inflammatory 
process consists in alterations in the nutrition of the 
elements of the inflamed tissue. 

The question as to how far the cellular elements of the 
tissue participate in the process of inflammation is one 
which even in the present state of our knowledge, owing to 
the difficulties which beset the histological examination 
of inflamed structures, admits only of an incomplete 
answer. The subject has, for the most part, been inves- 
tigated in the lower animals, in which inflammation has 
been artificially induced. In man, the study of the 
primary changes is difficult, owing to the fact that the 
process can rarely be observed in its earlier stages. These 
changes will be more fully described when considering 
inflammations of particular organs and tissues ; it will be 
sufficient in the present place merely to indicate their 
general characters. 

The alterations in nutrition which accompany inflam- 
msLtion are in certain tiaaue^ cTcL«uTa.cteri8ed by an exalta- 
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tion of the nutritive fanctions of some of the cellular 
elements involved in the inflammatory process. This is 
evidenced by an increase in the activity of those elements 
which normally exhibit active movements, as the amoeboid 
cells of connective tissue and of the cornea. Cells, which 
under normal circumstances undergo no alterations in 
form, and exhibit no active movements, become active — 
sending^ out processes, and undergoing various alterations 
in shape. (Fig. 61.) This increase in the activity, and 

Fig. 61. 




Amceboid Leucocytes, (v. Keckliiighansen.) 

variation in the form of the cells, is usually accompanied 
by the growth of their protoplasm, and frequently by its 
division, or by vacuolation and endogenous development, 
and thus by the formation of new cells. In many cases 
the protoplasm as it increases in bulk, becomes cloudy 
and granular, so much so as frequently to completely 
obscure any nuclei which it may contain. This occurs 
especially in epithelial elements, and it constitutes the 
condition known as " cloudy swelling" It is well seen 
in the glandular epithelium of the kidney in acute tubal 
nephritis. (See Figs, 104 and 105.) 

A few years ago the cells of nearly aU tissues were 
believed to exhibit these active changes in inflammation, 
and many of the young elements which abound in in- 
flamed parts were regarded as the products of their pro- 
liferation. As our methods of histological investigation 
improve, however, and especially since the introduction of 
the chloride of gold process by Cohnheim, it has become 
increasingly obvious that the part which is played by the 
cells of the tissue in inflammation is much less th^Liv^^^ 
formerly supposed; and that in many caae^ ^i\i^^Q^)3l^ 
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elements which infiltrate the infiamed strnctnre are solely 
escaped leucocytes. 

The physiological pecnliarities of the cellular elements 
appear to influence very considerably their liability to 
undergo these active changes in inflammation. The cells 
in which active changes undoubtedly occur are those 
which are normally active, and in which growth and 
proliferation are associated with the maintenance of the 
tissue of which they are constituents. Such are epi- 
thelial elements. The activity of these is increased in 
the process of inflanmiation, and it is in inflammation of 
the skin, of mucous membranes, and of glandular 
structures, that cellular activity and proliferation are so 
constantly met with. The same is also true to a less 
extent of endothelium, as is exemplified in inflammations 
of serous membranes. In those cells, on the other hand, 
in which normally no active changes take place, as 
the fixed cells of connective tissue and of the cornea, 
and probably also those of cartilage, it is doubtful if any 
activity is manifested in inflammation. The age of the 
cells probably also influences their tendency to become 
active, the younger being less stable and more prone to 
proliferate than the older elements. 

Although the earlier alterations in the nutrition of the 
cellular elements of inflamed tissues are thus in many 
cases those of increased activity, the subsequent ones are 
characterised by impairment of nutrition. The well- 
known effect of inflammation is to injure the part 
affected by it. This injurious influence is in great 
measure due to the blood-stasis, and to the infiltration 
of the tissue with the inflammatory products which have 
escaped from the blood-vessels. (See " Suppuration.") 
If the inflammatory process be of considerable severity 
and stasis be induced in a wide area of the tissue, the 
nutrition may become completely arrested, and gangrene 
be the ultimate result. (See " Causes of Gangrene.") In 
inflammations of less intensity, the destruction of the 
tiBsue is less marked, t\ie ^omti^ ^i^Us which infiltrate it 
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may tindergo fatty degeneration and become absorbed, 
and the part thus recover more or less completely its 
former condition. (See " Inflammation of Common Con- 
nective Tissue — Resolution.") In other cases, especially 
in the less severe forms of inflammation, many of the 
young cells, both the emigrants and the offspring of the 
tissue proliferation, undergo progressive changes and lead 
to the development of a permanent tissue, which is, how- 
ever, for the most part, inferior in its organisation to 
the parent structure. (See "Inflammation of Common 
Connective Tissue— Organisation.") This tendency of the 
new elements in inflammation to undergo progressive de- 
velopment will vary with the tissue involved, and with 
the intensity of the inflammation. The more intense the 
inflammation, the more abortive are the young cells, and 
the less is their tendency to form a permanent tissue. 
(See "Acute and Chronic Inflammations.") 

In connective tissues, these changes in the cells are 
necessarily accompanied by changes in the intercellular 
substance. The latter are for the most part characterised 
by softening. In common connective tissue the fibres in 
the first place become succulent and less distinct, and 
ultimately they are completely destroyed; in cartilage 
the matrix softens and liquefies ; in bone, the lime-salts 
are removed, the lamellae disappear, and the osseous 
structure becomes converted into medullary tissue. Hence 
the destructive effects of the inflammatory process. 



Having thus briefly described the succession of changes 
which occurs in the process of inflammation, it remains 
to consider in what way these result from the injury of 
the tissue, and how far a causal relation subsists between 
them.* 

The first apparent change which follows the injury of 



• The followiDg conclusions are in the main those arrived at by 
Professors Strieker and Burdon Sanderson. — Holmes's System of 
Surgery^ vol. v. See also Lectures on the " Pathology oi Wi^ ?\q- 
cess of Inflammation," by Professor Sanderson. — Laucet^ nc\, V 
1876- 
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the tissue consists in the dilatation of the blood-vessels, 
and in an acceleration of the flow of blood. Respecting 
the cause of this primary vascular phenomenon — ike 
physiological investigations of Ludwig and Lov^n show 
that a similar dilatation of the vessels and increase in the 
activity of the circulation is produced by the exciiation 
of a sensory nerve in those parts in which the nerve origi- 
nates. It was stated in a previous edition of this work 
that the primary vascular phenomena in inflammation 
were probably in the same way owing to an injurious 
impression received by the sensory nerves being reflected 
by the vaso-motor centre to the vessels. The more recent 
investigations of Cohnheim, however, which bave been 
already quoted, render it necessary that this statement 
should be modified. Cohnheim produced precisely the 
same phenomena in the tongue of the frog after every- 
thing had been cut through with the exception of the lin- 
gual artery and vein ; and also, in another case, after com- 
plete destruction of the brain, medulla, and spinal cord, 
as those which occur in the intact animal ; and he con- 
siders that the vascular dilatation and accelerated blood- 
flow are due to the direct influence of the injurious agent 
upon the walls of the blood-vessels. These experiments 
therefore appear to prove conclusively that the initial 
injury of the blood-vessels is not necessarily reflex, 
although they do not exclude the probability that it may 
be so under certain circumstances. 

With regard to the cause of the retardation of the 
blood-stream which so quickly succeeds its acceleration, 
and which may ultimately terminate in complete stasis — 
this also is due to some alteration in the properties of 
the walls of the blood-vessels through which the blood 
passes. That the retardation and ultimate stagnation of the 
blood-stream in acute inflammation is due to alterations 
in the walls of the blood-vessels and not to changes in 
the blood itself, was first shown by Mr. Lister.* Mr. Lister 

• "On the Early Stages of Inflammation." — Philosoph, Trans., 
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proved experimentally that the blood removed from an 
inflamed part did not differ in the tendency of the red 
blood-corpnscles to cohere to one another from normal 
blood ; and he concluded, that the accumalation of the red 
corpascles in inflamed tissaes, and their adhesion to one 
another and to the walls of the vessels, was owing to their 
natural tendency to cohere together when in abnormal 
circumstances, such as occurs after their removal from 
the body ; and that this cohesion in inflammation which 
leads to stasis was due to impaired vitality of the walls of 
the blood-vessels. This conclusion of Mr. Lister has been 
verified by more recent investigations. Ryneck has shown 
that stasis may be produced in the web of a frog, in 
which milk or deflbrinated blood has been injected in 
place of the normal blood ; and also that in vessels, the 
vitahty of which has been destroyed by the injection of 
poisonous metallic substances, no stasis can be produced.* 
The investigations of Prof. Cohnheim are still more con- 
clusive. Cohnheim ligatured the ear of a rabbit at its 
base with the exception of the median artery and vein, 
and emptied the vessels of their blood by the injection of 
a weak saline solution. He then injected into the emptied 
vessels various irritating solutions, and on again allowing 
the blood to flow through the thus injured vessels all the 
phenomena of inflammation ensued.f He also conducted 
a series of experiments, the result of which was to show 
that if the circulation in any organ (as the ear of the 
rabbit) be completely arrested for a sufficient length of 
time by the simultaneous occlusion of the arteries and 
veins, and then the blood be again allowed to circulate, 
dilatation of the vessels, hyperaemia, stagnation, exuda- 
tion, and all the phenomena of inflammation take place 
in the part, these phenomena being obviously due to the 
damage sustained by the walls of the blood-vessels owing 



• Ryneck, " Zur Kenntniss der Stase des Blutes in den Gefassen 
Entzttndeter Theile." — RoUet's Untermch. aus dem ImtUute fur 
Phys. u. Histol. in Graz. 

t Keue Untersuchungen tiber die EntzUnd\mg" Cjo\iTi3aftVcQu,'\Si^» 
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to their privation, for a sufficient length of tijne, of arte- 
rial blood. (See"HaBmorrliagicInfarction.") The results 
of these experiments appear to be conclusive, and show 
that the retardation and ultimate stagnation of the blood- 
stream in inflammation, are owing to some impairment of 
the vital properties of the walls of the blood-vessels with 
which the circulating blood comes into contact. 

In explanation of the phenomena of emigration, which 
takes place coincidently with the retardation of the blood- 
stream — the passage of the white corpuscles was formerly 
supposed to be due to their inherent activity, by virtue of 
which they penetrated the vascular walls, passing through 
stomata which were believed to exist between the endo- 
thelium. The red corpuscles were supposed to be forced 
through these openings by the increased blood-pressure. 
That neither of these explanations is sufficient to account 
for the phenomena is shown by Oohnheim's recent inves- 
tigations. These appear to prove conclusively that the 
emigration of the blood-corpuscles and the exudation of 
the liquor sanguinus are like the other phenomena of in- 
flammation, due to some impairment of the vital properties 
of the uudJn of the bloodvessels. Hence, as so well stated by 
Dr. Burdon Sanderson, inflammation is simply the aggre- 
gate of those results which manifest themselves in an in- 
jured part, as the immediate consequence of the injury 
to which it has been exposed — an injury, it must be borne 
in mind, which, if of sufficient severity, would have led 
to its death. 

The remaining constituent of the inflammatory process 
— the alteration in the nutrition of the inflamed tissue — 
succeeds the changes in the circulation and the exudation. 
Respecting the cause of the increased nutritive activity 
of the cellular elements which characterises inflammation 
in certain tissues— it is probable that this is, tor the most 
part, the result of the stimulation of the cells by the 
liquor sanguinis exuded from the blood-vessels ; although 
the well-known experiment of Professor Strieker on the 
transplanted cornea oi t\ie Ito^, c^o^q^^^ the last edition 



INFLAMMATION. 217 

of tliis work, cannot now be accepted as conclusive. The 
impairment of nntrition produced by inflammation is due 
partly to the stagnation of the blood, and partly to the 
injurious influence of the products which escape from the 
blood-vessels. (See " Suppuration.") 



Suppuration. — Suppuration, and the formation of ab- 
scesses, is a very frequent result of the inflammatory 
process; it occurs much more frequently, however, in 
some inflammations than in others. As a rule it may be 
stated that the more intense the inflammation the more 
abundant is the formation of pus. 

The essential constituents of pus are cells and a liquid 
in which they are suspended. The liquid has an alkaline 
reaction and closely resembles the liquor sanguinis. It 
contains various kinds of albumen, fatty matters, and in- 
organic substances. The cells, or puff-corpuscles (leu- 
cocytes) are indistinguishable from the white corpuscles 
of the blood. As seen after death, they are spherical, sphe- 
roidal, or irregular-shaped, semi-transparent bodies, froih 
"2^00 ^ 3 5^)0 ^^ 3,n inch in diameter, containing a varying 
number of granules, and usually one or more distinct 
nuclei. (Fig. 62.) The addition of dilute acetic acid 
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Pu8-corpu8cl€8 as seen after death, a. Before, 6. after, 
the addition of dilute acetic acid, x 400. 

causes the cells to swell up ; they become more spherical 
and transparent, and the nuclei are rendered more appa- 
rent. The size of the corpuscles and nuclei, and the 
number of the granules, present manifold variations. 
Pus-corpuscles, like white blood-corpuscles, lymph- 
corpuscles, and many other young cell-forms — all of 
which are included under the common teim oi \eucoc<'v^\-e.% 
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•^are masses of contractile protoplasm. They posaesB 
the power of spontaneous movement, and when linng 
undergo continuous alterations in form, and migrate in 
the tissues. (See Fig. 61.) They may also multiply. 

The mode of origin of pus has been the snbject of 
much controversy. The liquid ingredient proceeds di- 
rectly or indirectly from the blood, it is the exuded Hqnor 
sanguinis : about this there is no dispute. The differenoe 
of opinion which exists is respecting the origin of the 
formed elements. Without discussing the theories which 
have been advanced by different pathologists, it mnst now 
be admitted that there are at least two sources from which 
the cells of pus may be derived — one from the blood, and 
the other from the inflamed tissues. 

It has been seen that in the process of inflammation 
innumerable white blood-corpuscles pass out of the vesselfl 
into the surrounding tissues, and as these are indistin- 
guishable from pus-corpuscles, it must be conceded that 
one mode of origin of pus is from the blood. Farther, 
the white blood-corpuscles may multiply, and it is pro- 
bable that by this means the production of pus may be 
greatly increased. 

The other source from which the cells of pus are de- 
rived is from the cellular elements of the inflamed tissue. 
In certain tissues, as has been seen — especially in epi- 
thelial and endothelial tissues — the cells are the seat of 
active changes in inflammation ; they may multiply and 
form new cells, and the more intense the inflammation, 
the more lowly organised are the newly formed elements, 
and the less is their tendency to form a permanent tissue. 
Some of tliese newly formed cells constitute pus-cor- 
puscles. These, in this case, must be regarded as young 
elements resulting from the proliferation of the tissue, 
which are of low vitality, and soon perish. 

Although the formed elements of pus may thus be de- 
rived both from the blood and from the inflamed tissue, 
there can be no doubt that the former is their principal 
ce, and that they axe in tVie main migrated blood- 
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corpuscles. In the earlier stages of the inflammatory 
process, they are mostly, if not all, emigrants ; but in the 
later stages it must be admitted that they may also, in 
certain tissues, be derived from the cells of the inflamed 
part. 

Such being the modes of origin of pus, it is evident 
that the more abundant the escape of blood-corpuscles, 
and the more active the proliferation of the elements of 
the inflained tissue, the greater will be the formation of 
pus, and hence the greater its tendency to collect so as to 
form an abscess. It is consequently in those inflamma- 
tions which are the most concentrated and the most m- 
iense — provided that the injury be not sufficiently severe to 
cause complete stasis — that the formation of pus is most 
abundant. The greater the injury sustained by the walls 
of the blood-vessels, the more readily will the blood- 
corpuscles penetrate them, and hence the more abundant 
will be the formation of pus. In inflammations of less 
intensity the escape of blood-corpuscles is less abundant, 
and the proliferation of the tissue less active, so that pus 
is not produced in sufficient quantities to cause its collec- 
tion in the form of an abscess ; it merely infiltrates the 
part, and may require for its recognition the use of the 
microscope. 

Pus exercises a most injurious influence upon the sur- 
rounding tissues. The pus-corpuscles appear to be en- 
dowed with the power of absorbing the tissues with 
which they come in contact, or, at all events, of causing 
their liquefaction. Hence the softening and disintegra- 
tion of the tissues which constitute such a destructive 
element in intense inflammations. 

Pus which has remained for any length of time in the 
tissues undergoes certain changes. Its elements may 
undergo fatty metamorphosis, and thus be rendered ca- 
pable of absorption. If pus is long confined in a closed 
cavity, its liquid portions may become absorbed, and its 
cells atrophy, so that it gradually dries up into a caseous 
mass, which may subsequently become ca\c\Sift^, 
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Yabieties of Inflammation. — ^Inflammafcion exhibita 
certain variations in its characters according to the 
severity of the injnry which prodnces it. The more 
severe the injarj npon which the inflammatory process 
depends, the greater, cceteris panribus, will be the damage 
sustained by the blood-vessels, and consequently — ^if in- 
stantaneous stasis be not produced — the greater will be 
the tendency to the exudation of liquor sanguinis and to 
the emigration of leucocytes. Hence it is in inflammations 
of considerable severity that the vascular phenomena 
are often so pronounced, the formation of pns so abun- 
dant, and the softening and disintegration of the tissues 
so considerable. Such inflammations, inasmuch as the 
action of the injury which prodnces them is for the most 
part of short duration, are sometimes designated acute 
inflammations. 

In inflammations of less intensity, in which the damage 
sustained by the blood-vessels is less severe, the teztural 
changes occupy a more prominent place, whereas the 
vascular phenomena are usually much less marked, and 
the formation of pus is less abundant. The precise 
nature of these textural changes must obviously partly 
depend upon the characters of the tissue which is the 
seat of the inflammation, but variations are also produced 
according to the severity of the injurious agent. It 
appears to me to be probably true — that the less severe 
the injury which produces the inflammation, the more 
do the resulting textural changes tend to be limited to 
the connective tissue which is immediately adjacent to the 
blood-vessels and lymphatics y whereas in inflammations 
of somewhat greater intensity more distant elements be- 
come involved. This is seen, for example, in inflamma- 
tory processes in the kidneys and in mucous membranes. 
In the former, the least severe forms of inflammation are 
characterised anatomically by an increase in the con- 
nective tissue around the blood-vessels (see " Interstitial 
Nephritis") ; whilst in inflammations of somewhat greater 
intensity, the promment ^.eii^ut^l (change consists in 
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swelling or proliferation of the epithelium within the 
tubules (see " Tubal Nephritis"). In mucous membranes 
also, the more severe inflammations are attended by 
epithelial proliferation, the less intense and more chronic 
by changes in the submucous connective tissue. With 
regard to the cellular elements in which these active 
changes take place — ^they are probably emigrants, and 
the cells which are the most intimately connected with 
the lymphatic system — ^viz., the cells of the connective 
tissue, and the endothelium of tke lymphatics and of the 
blood-vessels. The tendency of the textural changes 
resulting from the least severe forms of inflammation to 
be limited to the connective tissue immediately adjacent 
to the blood-vessels and lymphatics, gives to these in- 
flammations certain peculiarities. The new tissue origi- 
nating around the vessels — consisting in the earlier 
stages mainly of small round cells, but ultimately be- 
coming developed into a more or less completely fibril- 
lated structure (an adenoid or fibrous tissue) — leads to 
an induration of the organ in which it is situated, and 
very constantly, to the subsequent atrophy and retro- 
gressive metamorphosis of its other histological elements. 
These changes will be more fully considered when treat- 
ing of inflammation of the individual organs and tissues. 
(See " Inflammation of Common Connective Tissue," 
" Cirrhosis of the Liver," &c.) These least severe forms 
of inflammation, inasmuch as the injury which produces 
them is not only of slight severity, but is usually also 
prolonged in the duration of its action, are often known 
as chronic inflammations. 

Inflammations are also divisible into infective and 
non-infective. The infective inflammatious are those the 
products of which possess infective properties, owing to 
which the substances which are absorbed from the inflamed 
part tend to cause secondary inflammations of the tissues 
with which they come into contact. (See "Acute Tuber- 
culosis" and ** Pyaemia.") In these inflammations, Dr, 
Sanderson states, the tissues surroandrng \)[ift ^e.-aX* '^ii ^<5i 
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injary are involved and infiltrated with the inflammatory 
products. The non-infective inflammations, on the other 
hand, are characterised by the absence of these infective 
properties. 

Inflammations have received different names, according 
to the nature of the injury upon which they depend. 
Those inflammations which result from external injuries, 
mechanical or chemical violence, are called trau/maUe, 
Inflammations in which the nature of the injury is not 
obvious, are usually called idiopathic. The nature of the 
injury may give to the inflammatory process certain pecn- 
liarities. The contagium of small-pox, for example, gives 
rise to inflammation of the skin, constituting the " rash**; 
that of syphilis, to certain inflammations of the skin, 
mucous membranes, and other tissues; and that ci 
typhoid fever, to inflammation of the intestinal lymphatic 
structures. In all these and numerous similar cases, the 
nature of the injury impresses upon the inflammation 
certain peculiarities, and in so far as the former is specific, 
the latter may be called specific inflammations. Lastly, 
inflammatory processes may be modified by the existence 
of certain constitutional peculiarities. This is the case 
especially in Scrofula. 

Of these different varieties of inflammation, scrofn- 
lous inflammation, the infective inflammations, including 
pyaemia and acute tuberculosis, and the specific inflam- 
mations resulting from the poison of syphilis, will be 
separately considered in the next following chapters. 
The pathology of inflammation will then be still further 
elucidated by the study of the process as it occurs in the 
various tissues and organs. 



CHAPTER XXVI. 

SCROFULOUS INFLAMMATION. 

The process of inflammation when occurring in the Scro- 
fulous usually presents certain peculiarities. 

The constitutional condition known as Scrofula — a con- 
dition usually inherited but often acquired — is charac- 
terised by certain pathological tendencies. Of these the 
most important is an abnormal susceptibility of certain 
tissues to injury, and a peculiarity in the products and 
in the course of the inflammation which the injury in- 
duces. This susceptibility, more or less general, is com- 
monly most marked in the mucous membranes and in 
the lymphatic glands, although the skin, bones, and 
joints are frequently affected. The part, however, which 
is the most prone to suffer varies considerably in difie- 
rent cases. 

Not only is there this susceptibility to inflammation, 
but the inflammatory process tends to be exceedingly 
protracted ; it is very readily reinduced, and the altera- 
tions produced in the part differ from those caused by 
inflammation in healthy persons. When inflammation 
occurs in a healthy individual, if it does not cause the 
death of the part, the inflammatory products either be- 
come absorbed, or the process leads to suppuration, or to 
the formatioQ of a vascular fibro-nucleated tissue. In 
scrofulous inflammation the absorption of the inflamma- 
tory products is very much less readily effected; they 
tend to infiltrate and accumulate in the tissue, where by 
their pressure they interfere with the circulation, and so 
lead to retrogressive and caseous changes. Tl:\i^t^ Sa \sNi5^ 
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ducts of scrofulous inflammation, the tendency of the 
cells to infiltrate tlie tissue, and the extreme tardiness 
with which the infiltration becomes absorbed. Quite 
recently Professor Eindfleisch has stated that these cells 
are, for the most part, larger than those met with in 
healthy inflammations; and that this being the case, 
their removal by passage into the lymphatics is less 
readily efi*ected.* In tubercle, the close relation of which 
to scrofulous lesions is well known, the existence of large 
cell- forms is almost constant, and their pathological sig- 
nificance in both these allied products will be more fully 
considered when speaking of tuberculosis. (See "Tu- 
bercle and Acute Tuberculosis.") This largeness of many 
of the young cells in scrofulous inflammation, and their 
marked tendency to infiltrate and accumulate is well 
shown in the accompanying drawing (Fig. 63). 

These histological peculiarities of the products of scro- 
fulous inflammations not only lead to an extensive and 
obstinate infiltration of the aflected tissues, but, as in- 
sisted upon by Rindfleisch, they must in the parenchyma 
of organs, as in the glands and viscera, cause by the 
pressure they exercise, more or less obstruction of the 
blood-vessels, and so interfere with the vascular supply. 
To this interference with the vascular supply, and to the 
inherent low vitality of the cellular elements, is to be 
mainly ascribed the retrograde changes and caseous 
metamorphosis which are so characteristic of scrofulous 
lesions. 



* " Ziemssen*8 CyclopsBdia of Practical Medicine," vol. v. Article, 
Chronic and Acute Tuberculosis, by Rindfleisch. 



CHAPTER XXVII. 

TUBERCLE AND ACUTE TUBERCULOSIS. 

By acute tuberculosis is understood a general infective 
disease, which is characterised anatomicallj by the occur- 
rence of numerous minute nodular lesions more or less 
generally disseminated in the various organs and tissues. 
The generally disseminated nodular lesions, v^hich are 
characteristic of the disease, appear to be inflammatory 
growths, resulting from the distribution of infective mate- 
rials (probably minute particles), by means of the blood- 
vessels or lymphatics from some primary inflammatory 
product. They are, therefore, the anatomical results of 
an infective inflammatory process, and they constitute 
what have long been known as miliary tubercles^ 

General Pathology of Acute Tuberculosis. — Our know- 
ledge of acute tuberculosis and of its anatomical result— 
fuhercle, has until recently been involved in obscurity ; 
but at the present time — owing in great m.easure to 
scientific experimental research — ^it may be regarded as 
being much more complete. According to the older doc- 
trines, which were based upon the teaching of Laennec, 
tubercle was looked upon as a specific non-inflammatory 
growth which originated spontaneously in the tissues. 
Further, this new growth was characterised by the regular 
succession of changes which it invariably underwent ; — 
it was first grey and translucent, then became opaque, and 
ultimately caseous. Hence in its earlier stages it was 
known as grey, in its later as yellow tubercle. Caseous 
metamorphosis was "held to \>e ^uciNi^^\^\.Ya.^\L\ahing pecu- 
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liarity of the growth, that all caseous masses were regarded 
as tubercular, and the term ** tubercle" came to be applied 
indiscriminately to all pathological products which had 
undergone this form of degeneration, and which in their 
colour and consistence somewhat resembled soft cheese. 
Caseation, however, as already stated, although most 
frequent in tuberculous and scrofulous lesions, is a 
common result of the retrograde metamorphosis of many 
growths which are destitute of or contain but few blood- 
vessels, and which consist of closely-crowded cellular 
elements. (See " Caseation.*') For this much wider 
extension of the pathological significance of caseous 
degeneration we are mainly indebted to Professor 
Virchow.* 

The infective nature of acute tuberculosis was first 
promulgated about twenty years ago by Buhl, who stated 
that in the majority of cases of this disease, indurated 
masses which had become caseous existed in some part of 
the body, and that to the absorption of substances from 
these infective centres the general development of the 
tubercle was owing. He further stated that in those cases 
in which the tubercles were confined even to limited por- 
tions of a single organ, they were also secondary to 
caseous lesions. Buhl's theory, therefore, implied that 
the origin of the infective substances was necessarily 
associated with caseous metamorphosis of the primary 
inflammatory induration. A modification of this view 
of the nature of the infecting lesion has since been ren- 
dered necessary, both by the results of post-mortem 
observations, and also by those which have been obtained 
from the artificial production of tuberculosis in the lower 
animals. 

The experimental investigation of acute tuberculosis 
was commenced by Yillemin in 1865, and subsequently 



* For further information on the history of " tubercle," the read^x 
is referred to the commencement of the chapttit oii ''''^>3\."ai'aYv%.\^ 
Phthisis." 
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followed out by Burdon Sanderson, Wilson Fox, Colin- 
beim, Klebs, and otbers. Tbe metbods of investigation 
consisted eitber in tbe inocolation of vaiions inflamma- 
tory products— for tbe most part products of chronic 
inflammations (caseous or not caseous), or in tlie produc- 
tion of a local inflammatory induration by tbe introduction 
of setons and of otber foreign bodies beneatb tbe skin. 
Of inflammatory products Dr. Sanderson found tbat none 
proved so active as tbat obtained from tbe indurated 
lympbatic glands of an animal already suffering from the 
disease. In botb cases, after a certain lapse of time, dis- 
seminated inflammatory lesions were produced in varions 
organs and tissues — ^lesions wbicb presented a special 
tendency to become caseous at tbeir centres. It was also 
found that tbe distribution of tbese lesions varied accord- 
ing as tbe infective materials were introduced into the 
blood-vessels or lympbatics, clearly proving tbat they 
resulted from tbe dissemination of infective substances by 
means of tbe blood and lympb streams. Tbe results of 
tbese experiments therefore show, in tbe first place, that 
caseation of an inflammatory product is not necessary 
in order for it to constitute an infective focus; and, 
secondly, that the development of the general tuberculosis 
is not due to anything specific in tbe substances inocu- 
lated, but that the products of various inflammatory pro- 
cesses (for the most part of inflammations of slight 
intensity), may constitute the infective agents. 

The lesions produced, however, in artificial tuberculosis 
difier somewhat from those met with in tbe natural 
disease as it occurs in man. They differ botb in their 
anatomical distribution, and, to a less extent, in tbeir 
pathological tendencies. Tbe differences in anatomical 
distribution are principally confined to tbe brain and 
lungs. Tbe brain, which is so frequently affected in the 
natural disease in man, is rarely so in artificial tubercu- 
losis. In the lungs, the first structural changes which 
take place in artificial tuberculosis are stated by Dr. 
Klein to consist in tlae Oie^^a^mfcTiX. q>^ adenoid tissne 
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around the perivascular lymphatics, the implication of 
the alveoli being only a secondary part of the process.* 
In the natural disease in man, on the other hand, the 
changes commence in the alveoli themselves. Respecting 
differences in their pathological tendencies — ^it is to be 
remarked that caseation occurs much more extensively in 
the lesions artificially induced than in man. In the 
former, also, diffused tracts of consolidation are more 
frequently associated with the miliary lesions, and they 
may even constitute the predominant structural changes. 
These differences, however, are probably to be regarded 
as resulting from differences in the intensity of the 
infective agent, and from pecuHarities in the morbid 
tendencies of the tissues involved, and not as any 
evidence of a want of analogy in the pathology of the 
two diseases. 

Passing on to consider acute tuberculosis as it is met 
with in man, it must in the first place be stated that it 
occurs most frequently in those who are scrofulous, 
and one or more masses of inflammatory induration 
which have become caseous are, in the great majority of 
cases, to be found in some part of the body after death ; 
sometimes in the lungs, sometimes in the bronchial glands, 
sometimes in the glands of the mesentery, &c. Caseous 
metamorphosis, as was seen in the preceding chapter, is 
exceedingly common in scrofulous inflammation, owing 
to the marked cellular infiltration and consequent anaemia 
which characterise the process ; and it is these products 
of scrofulo'os inflammation which are the most common 
cause of acute tuberculosis. Much less frequently cases 
of acute tuberctdosis are met with, in which there exists 
some inflammatory lesion which is not caseous, as a 
simple induration, an inflamed bone, or an ulcerated 
mucous membrane ; whilst in exceedingly rare cases it is 



• "On the Lymphatic System of the Lungs," by Dr. E. Klein. 
"Proceedings of the Eoyal Society," No. 149, 1874. 
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stated that no sucli prodncts of a previous inflammatory 
process has been disc50verable. 

The results of post-mortem observations of the natural 
disease thus appear to justify the same conclusions 
respecting the nature of the infective substances as those 
derived from the experimental investigation of the disease 
in the lower animals, and in a man also it must therefore 
be regarded as in the highest degree probable that any 
inflammatory product may, under certain circnmstances, 
give rise to a tuberculous process, and that although 
caseation of the product is most frequent, it is not essential 
in order for it to constitute an infective focus. Why 
such inflammatory products should in some cases be 
infective, whilst in others they remain inert, we are 
unable certainly to explain. In attempting to answer 
this question, it must be remembered that such products 
may accidsntally become placed in direct communication 
with the vascular or lymphatic systems ; and also that 
infective substances are much more liable to produce 
results in some constitutions and in some conditions than 
in others. It is also possible that the infective properties 
of an inflammatory product may be determined by 
atmospheric influence, or by the presence of minute 
organisms. (See ** Septicaemia.*') 

Whilst acute tuberculosis is thus an infective disease, 
it is an infective disease of a special kind. In the first 
place, the infective substances derived from the infective 
focus — which are probably minute particles — not only 
exercise their injurious influence over areas of tissue 
which are for the most part exceedingly small (hence 
the miliary character of the lesions), but the injury they 
inflict is of comparatively slight severity. The principal 
result of their dissemination is consequently to cause a 
textural change— a new growth of tissue at the seat of the 
injury. (See "Chronic Inflammations.") In this respect 
this disease presents a marked contrast to one with which 
it is closely allied — pyaemia, in which the severity of the 
injury produced by the infective particles is much greater 
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and gives rise to the formation of abscesses. (See 
**Pja0mia.") In pyaemia the intensity of the dissemi- 
nated inflammatory processes is considerable, and the 
course of the disease is usaally acute, whilst in acute 
tuberculosis the inflammatory processes are much less 
severe, and the disease tends to run a more chronic 
course. 

HisTOLOGy OF Tubercle. — The miliary lesions in acute 
tuberculosis, although presenting certain differences ac- 
cording to their age, and to the nature of the tissue in 
which they originate, are tolerably uniform in their histo- 
logical characters. Their most marked feature is the 
prominent place which large multinucleated masses of 
protoplasm — the so-called giant cells — occupies in their 
constitution. These large cells, which somewhat resemble 
the myeloid cells met with in sarcomatous tumours, &c., 
were long ago alluded to by Virchow, "Wagner, and 
others, but it is only during recent years, mainly owing 
to the researches of Oscar Schiippel and Langhans, that 
they have come to occupy a prominent place in the 
histology of tubercle. 

The most characteristic features of these multinucleated 
cells are their large size, the number of their nuclei, and 
the irregularity of their outline. Some of the larger ones 
measure as much as ^ho i^ch in diameter. They possess 
no limiting membrane, but are simple masses of proto- 
plasm, containing numerous round or roundly-oval 
nuclei, each enclosing a bright nucleolus. (Figs. 64, 65, 
and 66.) As many as forty nuclei may occasionally be 
counted in a single cell. Some of them are much smaller, 
and contain onlv three or four nuclei. Four or five, or 
even more, of these multinucleated masses are sometimes 
found in a single tuberculous nodule. Many of these 
large cells possess long branched processes, in connexion 
with which, and evidently originating from them, are 
smaller protoplasmic masses, also nucleated and branched. 
(See Figs. 65 and 66.) The meshes between the branched 
cells are, according to Schiippel, filled with ei^itlc^fe^i'aX.-^^'i 
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lemente. The^e eloments I have failed to obBerve, and 
lie meshes I have either found empty, or contaiaiog a 
.'w Ijrnplioid cells. (Pig. 66.) It would thus appear 
aat the original protoplaamic mass gives origin to a net- 
'ork of large brauohed celb. 

FiQ. 66. 




Mtiltiaucteated and branched Celb /fxa a .firm Grej/Xllarg 
Tubercle of the Lung in a Caer, nf -detail Tuiercaliaii. Wide 
meshes ore seen in the immediate vioinit; of the cells eii- 
closiag n frw lyiupbuid elements. The braDChed proceases 
«re directly continooos with the adenoid reticulum of the 
tubercle. " 200. 

With regard to the histological elements from which 
he giant cells originate — this varies. In the lung, 
)r. Klein states, that they are derived from the alveolar 
ptthelium. They may also probably originate from the 
ells of connective tissne, and from the endothelium of 
he blood-vessels and lymphatics. Their formation takes 
•lace either by the fusion of two or more cells, or by the 
icessive development of one cell. In the latter case, the 
ize and its nnclei multi^\j,\fQ.\.\i6t6'0ft% 
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process of development ceases — there is no subsequent 
division of the cell. 

Associated with, and surrounding the giant cell and 
its branches, is a small-celled adenoid-like stmctm^. 
(Fig. 66.) This small-celled structure, which often con- 
tributes largely to the formation of the tubercle, some- 
what resembles that of an indurated lymphatic gland, 
which is commonly known as adenoid tissue. A similar 
structure, as has been already stated, is also met with in 
chronic inflammations of the liver, lungs, and other organs. 
(See " Chronic Inflammations.") It consists, in the main, 
of lymphoid cells, which are either separated from one 
another by fine bands of homogeneous transparent-looking 
material, or by a more or less distinctly fibrillated, and 
sometimes nucleated reticulum, within the meshes of 
which the cells are grouped. (Fig. 67.) This reticulum 

Fio. 67. 




A portion of a Grei/ Miliar}/ Tubercle qfthe Lung. 
Showing the adt'uoid-likt; structure met with in 
largo portions of those nodules, x 200. 

is sometimes dense and well marked, whilst in other cases 
it is much less prominent. In addition to the small 
lymphoid cells there are often seen some rather larger 
cells containing one, and in some cases, two nuclei. (See 
" Scrofulous Inflammation," Fig. 63.) 

An elementary tubercle thus consists of a giant-cell 
reticulum surrounded by, and in direct histological 
continuity with, a varying sized zone of small-celled 
tissue. This is well shown in Fig. 66. (See also Fig. 70.) 
The larger tuberculous nodules consist of several of these 
giant-cell systems. (See Fig. 76.) 

Although the above characters of tubercle are to be 
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observed in successful preparations and in certain stages 
of the tuberctdous growth, many of them will often be 
found wanting. The nuclei and processes of the giant 
cells will not always be seen, and the cells often appear 
simply as yellowish, somewhat granular masses in which 
neither nuclei nor processes are visible. In this imperfect 
state they are to be found in tuberculous nodules from 
all organs in which tubercle is met with. 

It remains to speak of the blood-vessels of tubercle. 
The vessels of the tissue in which the nodule originates 
gradually become obliterated in the process of its growth, 
and there is no new formation of vessels, such as takes 
place in more highly developed inflammatory tissue. 
(See "Inflammation of Common Connective Tissue.") 
The tubercle is therefore, except in the earliest stages of 
its development, non- vascular. (See " Scrofulous Inflam- 
mation.") 

Although the structure which has been described is that 
most commonly met with, it must be borne in mind that 
all tuberctdous lesions are not thus constituted. When 
treating of the changes in the several organs, it will be 
seen that the precise histological constitution of the no- 
dules varies somewhat, according to the characters of the 
tissue in which they originate. In the lung, for example, 
many of them consist largely of accumulations of 
epithelial cells within the pulmonary alveoli. 

Secondary Ghan-ges. — Tubercle invariably undergoes 
more or less retrograde metamorphosis, although the 
extent of this varies considerably, and in some cases the 
nodules may become developed into an imperfect fibroid 
structure. The occurrence of retrograde metamorphosis 
is mainly owing to the obliteration of the blood-vessels 
which accompanies the growth of the lesions. The 
change commences in the centre of the nodule, this being 
the part first developed, and consequently that which is 
the furthest removed from vascular supply. The nodule 
breaks down into a granular fatty debris, so that its 
central portions soon become opaque and yello^^isJa.. 
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central parts, more or loss fatty metamorphosis, the 
nodale maj remain as a firm fibroid mass.* This occnn 
more especially in the emolleT lesions. The extent and 
rapidity of the retrograde change depends, I believe, 
partly upon the intensity of the infective process, and 
partly upon conatitntional conditions. The existence of 
scrofula favoora retrograde changes in the tnbercnlona 
Icsinna as it does in all inflammatory products, and it 
is in those who are markedly scrofulous that tubercle 
undergoea the most rapid degeneration. (See "Scro- 
fulous lufiammatiou,") These changes will also be in- 
fluenced by the intensity of the infective process. The 
more intense the process, the greater is the tendency 
to tlie degeneration and softening of the nodules ; the less 
intense and more chronic, the more liable are the miliary 
lesions to become fibroid. 

Local Tdeercui^sis.— Before concluding the considera- 
tion of the general patholoj^y of tuberculosis, allnsion must 
be made to those cases in which the tuberculous procesBes 

• Dr. Klein Blatea Hoc. ciW) that tha Iftrge multinnclented ceHs 
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are confined to a single organ. This limited tuberculosis 
differs from the more general one only in the extent of 
the distribution of the infected materials. The miliary 
lesions originate from some retrograde inflammatory pro- 
duct situated usually in the same organ as that in which 
they occur, and their limitation is probably owing to the 
infective substances being disseminated by the lymphatics 
and serous canals and not by the blood-vessels. This 
will be again referred to in the chapter on " Pulmonary 
Phthisis/' and also in the following description of the 
tuberculous process as it occurs in the several organs and 
tissues. . 

Conclusions. — Having thus described the histological 
characters of tuberctdous lesions, it remains to consider 
the relation which subsists between these lesions and the 
products of non-tuberctdous inflammations. The tuber- 
culous lesions being inflammatory growths — the result of 
the injurious influence of infective particles upon the 
small areas of tissue with which they come into contact — 
why do they differ from the tissue changes which 
accompany ordinary chronic inflammation ? The answer 
to this question is at present far from satisfactory. 

It must be admitted that constitutional conditions 
influence considerably the occurrence and character of 
tuberculosis. Tuberculous processes occur, for the most 
part, in the scrofulous, and the products of some 
scrofulous inflammation are the most frequent infective 
agents. Constitutional conditions may probably thus so 
modify an inflammatory process as to give to its products 
infective properties. It must, I think, also be regarded 
as probable that conditions of the constitution may 
influence the effect produced by the dissemination of the 
infective particles, and that these particles, whether 
derived from a caseous or non-caseous focus, may in 
certain conditions of the constitution give rise to tuber- 
culous processes, whilst in others their dissemination is 
unattended by change. 
The histological peculiarities of the tu\ieY(i\3\o^va\<Ks^Qr£^^ 
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appear also to depend mainly upon constitational condi- 
tions. Tbe influence of scrofula upon the histological 
changes which accompany inflammation has already been 
seen, and from the close histological relationship which 
subsists between the disseminated nodnles met with in 
tuberculosis and the more difliised lesions produced by 
primary inflammation in scrofulous subjects, and alfio 
from the fact that it is in the scrofulous that tuberculosis 
most frequently occurs, we may, I think, assume that the 
characters of tuberculous lesions also are dependent upon 
a constitutional state. 

In both scrofulous inflammation and tuberculosis there 
is a tendency to the development of large cell-forms and 
to the formation of a lowly organised and non-vascularised 
structure which soon undergoes retrograde changes. 
These characters of the inflanmiatory new growth appear 
to me to be probably due to the inflammatory process 
occurring in tissues of such low vitality that the cellular 
inflammatory products are incapable of forming an 
organised vascular tissue, but merely undergo some 
in<^ease in size and then tend to slowly degenerate. The 
protoplasm grows, the nuclei mtdtiply, but the higher 
ma.nitestation of vitality — the subsequent division of the 
protoplasmic mass — does not take place, and thus are 
produced the giant cells. 



TUBERCULOSIS OF THE PIA MATER. 

In the pia mater the tuberculous process is associated 
with inflammation of the meninges, constituting the con- 
dition known as tubercular meiimgitis. This is almost 
invariably a part of a general tuberculosis. 

The process is almost exclusively confined to the pia 
mater as the base of the brain, and the tuberculous 
nodules — ^which may easily escape observation — are seen 
in connexion with the small arteries in the Sylvian 
fissures, and deeply seated between the convolutions. A 
few scattered granu\atioiisarft,"W^%^«t,^teo^uently visible 
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on the upper sarface of the hemispheres. The inflamma- 
tory growth originatea in the periiraBcular lymphatic 
sheaths which enclose the Braall arteries of the pia mater. 
(Fig. 69.) The ceUs of the sheath multiply, and the pro- 
Fis 69 
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ceas of proliferation commencing at separate centres, 
nnmerouB small grey nodules are produced around the 
vessel These, which are distinctly visible to the naVed 
eye, cause an external bulging of the sheath, &nd a dimi- 
nution in the calibre, or even complete obhteration, of the 
enclosed vessel. 

The localised obstructions to the circulation which re- 
sult from the pressure of the perivascular nodules cause 
intense hypersemia of the collateral vessels, and thus the 
pia mater at the base of the brain becomes esceedingly 
vascular, there being in some cases rupture of the vessels 
and eitravasation. This is followei Vjj a. ■m.'itft ^tswCTA 
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inflammatory process — a true basic meningitis. A transu- 
dation of the liquor sangninis takes place from the 
hypersemic and injured vessels, blood-corpnscles escape, 
and thus the meshes of the pia mater become infiltrated 
with a sero-flbrinous liquid, which in many parts has a 
pnriform character. 

The changes in the pia mater at the base of the brain 
are attended by softening of the immediately subjacent 
cerebral substance, which becomes infiltrated with young 
cells. The lateral ventricles at the same time become 
distended with serosity (acnte hydrocephalus), so that the 
convolutions on the surface of the hemispheres are seen 
to be mnch flattened. The ependyma and choroid plexus 
also become exceedingly vascular, and the walls of the 
ventricles, together with the fornix and soft commissure, 
become much softened. All of these changes are owing, 
partly to an inflammatory process, and partly to the me- 
chanical obstruction to the circulation caused by the 
tuberculous growth. In addition, the arachnoid membrane 
is dry and sticky. 

Tuberculous Masses in the Braxn. — In addition to the 
miliary lesions occurring in the pia mater in tubercular 
meningitis, large tuberculous masses are occasionally met 
with in the brain unassociated with a general tuberculous 
process. These masses, which vary in size from a hazel 
nut to a hen's egg, commonly occur in the cerebral sub- 
stance, especially at the base of the brain. They are of 
a pale yellow colour and firm consistence, and usually 
form quite round globular tumours. Their stirface is often 
seen to be covered with minute grey nodules, which extend 
into the surrounding tissue ; and on section, similar nodules 
are sometimes visible, scattered through the substance of 
the tumour. In most cases only one or two such masses 
are found, but occasionally they are more numerous. They 
occur especially in childhood, and usually in children in 
whom there is a general tendency to caseation of inflam- 
matory products (" scrofulous" children). When exa- 
mined microscopicaWy t\iey ^.x^ iound to be made up of 
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an adenoid atroctnre and l&cge branohsd ceUe, snch as 
has be«n (Jroadj described as bo charadiemtic of taber- 
cnlons leaionH. This strnotnre — which is best seen, ia the 
peripheral portionsof the tumour— is often concentrioaily 
arranged aroand blood-vessels, and is found undergoing 
in different parts fibrous and caseons metamorphosis. 

Eespecting the nature of these masses and the waj in 
which thej originate, it is difficnlt to speak with cer- 
tainty. From the fact that miliary nodolesaresooftento 
be seen on their surface and extending into the surround- 
ing tissue, it is supposed that they originate bjthe aggre- 
gation of such nodules— that the primary nodnle con- 
stitutes an infective focus, and so causes a succession of 
growths in its immediate vicinity. This hypothesis is pro- 
bably correct. OccaBionally the tuberculous mass causes 
a more general infection, and so gives rise to tubercular 
meningitis or to a general tuberculosis. 

TDBEECDL0SI3 OS LTXPKATIC GLIHDS. 

In the lymphatic glands, tuberonlous processes give 

rise, in the first place, to changes in the peripheral por- 




TaberculMu of a Lgmphntk fltonrf. The earliest atagis 
of the process. Bbowii^ the giant cell, n 2Ul). 

tiona of the gland, inasmuch as it is with these that the 
infoctive materials which are conveyed \)3 ftiftX^iti^Va.'Oui 
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vessels first come into contact. The active changes in the 
gland begin with the formation of a large mnltinncleated 
branched cell. (Fig. 70.) In the earlier stage of the pro- 
cess small grey nodnles are visible scattered throngh the 
cortex. These gradually increase in size and become 
caseous. The gland then becomes enlarged, the distme- 
tion between its medullary and cortical portions becomes 
lost, and it becomes changed to a greyish homogeneous 
mass, in which are varying sized tracts of caseous ma- 
terial. The new growth very frequently undergoes a 
marked fibroid development, so that the caseous masses 
are surrounded by a dense fibroid structure. The caseous 
portions of the gland may subsequently soften, dry up, 
or calcify. * 

TUBERCT7L0SIS OF MUCOUS MfiMBRAKES. 

In mucous membranes the development of tuberculous 
nodules is usually secondary to some primary infiamma- 
tory process which leads to ulceration of the membrane. 
The intestinal, the urino-genital, and the respiratory 
mucous membranes may all be the seats of a tuberculous 
growth. 

The Intestine. — In the intestine the occurrence of true 
tuberculous processes appears to be almost invariably 
preceded By primary inflammatory changes in the intes- 
tinal lymphatic structures. These changes have their 
seat iu the solitary and Peyer's glands, and as in typhoid 
fever, it is especially these structures in the lower part 
of the small intestine and in the csBCum which are 
affected. 

The first stage of the process consists in an inflamma- 
tory hyperplasia of the lymphatic elements. In Peyer's 
patches this hyperplasia usually affects isolated follicles 
ill the patch. The solitary glands and certain follicles in 
the patches thus become swollen, and project with undue 
prominence above the surface of the membrane. The 
newly formed elements then undergo retrogressive 
changes — they Boiten., th^ degeneration in the patches 
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commenciiLg at several separate centres, and often ex- 
tending nntil the whole patch becomes destroyed. As 
the result of these primary inflammatory changes an 
xdcerated sarface is produced, the floor and edges of 
which are more or less thickened, owing to the extension 
of the inflammatory infiltration into the submucous con- 
nective-tissue. This a simple ulcer, and its production, 
so far, is quite independent of a tuberculous process. 

What must be regarded as a tuberculous change occurs 
subsequently to the primary ulceration, and it consists in 
the development of small nodules of new growth in the 
floor of the primary ulcer. The development of these 
nodules appears to take place principally around the 
blood-vessels, and as these are arranged transversely 
around the intestine, the new growth proceeds in the 
same direction. These secondary nodules of new growth, 

Fig. 71. 




A Tubercular Ulcer of the Intestine, (Diagrammatic.) 

a. Epithelial lining. 5. Submucous tissue. 
c. Muscular coat. d. Peritoneum. 

like the primary inflammatory product, soften and be- 
come caseous, and thus the process of ulceration gradu- 
ally extends transversely until the whole circumference 
of the gut may be destroyed. The ulcer thus produced 
presents a strong contrast to that of typhoid. Its edges 
and base are thickened and indurated, and the tuber- 
culous nodules, tending to become caseous, are seen scat- 
tered in its floor. (Fig. 71.) 

The tubercular ulcer rarely, if ever, heals. Owing to 
the thickening of the tissues at its base, perforation is 
quite an exceptional occurrence. In the process of its 
extension the ulceration is attended by some contraction 
and narrowing of the gut. 
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TUBERCULOSIS OP THE LUNGS. 

Tubercnlous processes occur in the lungs as a part of 
a general tuberculosis, and also in many cases of pul* 
monary phthisis. The nature of the resulting inflam- 
matory lesions is similar in both. It will be well, how- 
ever, in the present place, more particularly to describe 
these lesions as they occur in the general infective dis- 
ease. The more limited processes which take place in 
many cases of phthisis will be again referred to in a 
subsequent chapter devoted to the consideration of this 
affection. (See " Pulmonary Phthisis.") 

The pulmonary lesions met with in general tuberculosis 
consist, for the most part, of disseminated nodular 
growths, which are universally known as miliary tuber- 
cles. These growths are of two kinds — ^the grey and 
the yelloic. The grey are semi-transparent nodules of a 
greyish-white colour, varying in size from a small pin's 
head to a hemp-seed. They are somewhat spherical in 
shape, and usually possess a well-defined outline. Some- 
times they are firm, and almost cartilaginous in consis- 
tence; whilst in other cases they are mach softer and 
almost gelatinous These softer forms, instead of being 
semi-transparent, are more opaque and white. The yellow 
are, for the most part, larger than the preceding, many of 
them much so, some being as large as a pea. They are 
also softer in consistence, less defined and regular in out- 
line, and they pass more insensibly into the surrounding 
tissue. Many of them possess a greyish-white translu- 
cent margin, which may be pretty firm in consistence, 
but never so hard as are many of the grey nodules, 
whilst their central portions are opaque, yellowish, or 
caseous. 

Both the grey and the yellow nodules are often found 
associated in the same lung ; in other cases the grey 
nodules only are met with ; whilst, less frequently, nearly 
all the growths are of the yellow variety. The condition 



TUBERCULOSIS OF THE LUNGS. 245 

of the pulmonary tissue whicli is situated between the 
nodules varies considerably. It may be perfectly normal, 
more or less congested and oedematous, or it may present 
varying sized tracts of greyish, granular, friable consoli- 
dation. A perfectly normal condition of the intervening 
pulmonary tissue is found in many of those cases, in 
which all the growths are of the firm, grey variety ; but 
when there are numerous yellow or soft grey nodules, 
the lungs are nearly always more or less congested or 
consolidated. 

When these nodules are examined microscopically they 
are seen to exhibit two different kinds of structure — viz., 
the adenoid structure with branched multinucleated cells, 
which has been already described as that which is the 
most characteristic of tuberculous lesions, and accumu- 
lations of epithelial cells within the pulmonary alveoli 
(catarrhal pneumonia). There is, however, this marked 
difference between the various kinds of nodules — that 
whereas the smaller firm grey ones are constituted 
almost entirely of the first-named structure, the larger 
soft grey, and most of the yellow ones, consist largely of 
the intra-alveolar accumulations. 

Firstly, with regard to the soft grey and yellow nodules. 
Most of these when examined with a low magnifying 
power present the appearance represented in Fig. 72, the 
nodules evidently consisting largely of accumulations 
within the alveolar cavities. When more highly magni- 
fied their constitution becomes more apparent. It is 
then seen that the alveolar cavities are filled with epithe- 
lial elements and small cells resembling leucocytes, whilst 
the alveolar walls are more or less extensively infiltrated 
and thickened with lymphoid cells. (Fig. 73.) In many 
cases the central portions of the nodules will be seen to 
have undergone extensive degenerative changes, and to 
consist merely of a structureless granular debris, so that 
the accumulations within the alveoli and the cellular 
infiltration of the alveolar walls are only visible at their 
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periphery. Thin ia always the case in the diBtinotly 
yellow tuberclea. (Fig. 74.) 




The histological charactera of the firmer grey nodules 
differ somewhat from the preceding. In these the cellu- 
lar infiltration and thickening of the alveolar nail is 
mnch more marked, and many of the alveolar cavities 
are occupied by giant cells, these probably originating, aa 
described by Dr. Klein, from the alveolar epithelium.* 



* These Ibi]^ mnltiDRcleftted cells are stated by Dr. Klein 

Sloe. cO.) to originate either by the lusion of the alveolar ei^\t,Ue- 
ioni, or bj the eiceeBire deveJopment of one e^lllieVuX. cb^ ^\a<A 
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(f^. 75.) tn other caws, the Alveolar rtractare has oom- 
pletelj disappeared, and the taberda, when examnud 
with a low magui^ng power, appears as a little soineirliat 
Hpheroidal maae, tlie cellular elements of which are bms 
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to be grouped around separate centres. (Fig. 76.) When 
more highly magnified these centres are seen to corre- 
spond with the large maltinncleated branched cells already 
described, and the small-celled structnre grouped aronnd 
them, as is well shown in Fig. 66. This is a. fnllj deve- 
loped tubercle of the lung. The small-celled structure at 
the peripheral portions of the nodules extends into and 
produces a thickening of the walls of the alveoli with 
which the nodnle is incorporated. (Fig. 77.) In the tuber- 
cles thus constituted, extensive retrogressive changes 
rarely occur. Degeneration is slow and very incomplete, 
and the nodule often becomes imperfectly fihroid. 
Respecting the cause of these differences in the histolo- 



tha publication of Dr. Klein's statement I have frpqoently ohsorved 
tbesH cells BitnBl«d distinctly in tbe alveolar cavities, and I havo 
littlo doabt the; originale m 1^ wt,-]; \i« &«>edb«s. 
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gical chamoters of the miliaT; lesions in the Innge — I 
believe tliem to depend npon differenoee in the age of the 
nodiilea, and in the intensitj of tbe tabercnloae process.* 




A firm Oreg Tubfrde fivm thi Lmig in a aae of Acute 
Tabercaloia, Bhowing tbe grouping of tbe elemeata 
urounii eeparate centreB, the nodnle consiHting of aeveral 
j{iaDt-ceU ajBtems. k 33. 

If the intensity of the process be considerable, the nodnles 
will consist in the main of accnmolations of epithelium 
■within the pulmonary alveoli, and the nodule will rapidly 
undergo disintegration. (See Fig. 74,) If the proceaa be 
less intense, and the nodules attain a more advanced age, 
degeneration will bo less rapid and complete, the cellular in- 
filtration and thickening of the alveolar walls will be greater. 



eeptibilEty of injured tiaaue. In Bcrofi 
tibility of the tissue is Kreat, aud t 
{iroc«8aeB is often 



In BcroluL iorli^J 
\e great, aud ttie iateusicy of i 
liderable. 
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and the epithelial elementa maj form large multinucleated 
cells. (See Fig. 75.) Lastly, in the least severe and most 
chronic processes, the development of mnltinucleated 
elements and the formation of the network of branched 
cells reaches its maiimnm (see Figs. 6S and 76), degene- 




A miall porimn nf Ikf moit external part cf ajlrm Grey 
TWrtTfey*T)m the Lvng in a raje of Acute IWierculoiii. 
Showing the incoiporaition of ths nodule with the atTeoUr 
wall a. X 270, 

ration takes place slowl; in the central portions of the 
nodule, and there ia often considerable fibroid indnration 
of the new tissue. There is thus a close analogy between 
the tissne- changes reBoltlng from tuhercnlosis of the Inuga 
and those which result from other inflammatory processes. 
(See " Chronic Inflammations.") The degeneration of the 
lesions ia mainly owing to the interference with their tbs- 
cnlar supply, caused by the pressure exercised upon the 
blood-vessels by the intra-alveolar accnmulations, and the 
obliteration of the vessels by the ceUular infiltration of 
the alveolar walls. 



CHAPTER XXVIII. 

PYEMIA AND SEPTICEMIA. 

The diseases known as Pyaemia and Septicaemia result 
&om the absorption and dissemination of certain infective 
anbstances, derived nsnally from the products of some 
acute inflammation. In these diseases, therefore, as in 
acute tuberculosis, we have a focus from which the in- 
fective substances are derived, the general dissemination 
of these substances, and the secondary processes to which 
they give rise. 

Pyaemia and Septicaemia are very closely allied, and 
very frequently associated. They both owe their origin 
to the development and absorption of the same infective 
material, but the latter is a somewhat more simple pro- 
cess, and it will therefore be considered first. 

Septicaemia. 

By Septicaemia is understood the effects which are 
produced by the presence of putrid matter in the cir- 
culating blood. 

When a person receives an external injury sufl&cient to 
cause an inflammatory process of considerable extent and 
intensity in the part injured, this process is usually fol- 
lowed by a general disorder of the vital functions, the 
most prominent symptom of which is pyrexia. This 
pyrexial state, which so commonly occurs after surgical 
operations and other extensive local injuries, is what is 
usually known as traumatic or surgical fever. Respecting 
the cause of this fever — it is mainly due to the absorption 
of some of the products of the local mflLamrna.XiOt'j \itQ>^^'es^. 
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In other words, it results from the dissemination of certain 
infective materials from a focus of acute inflammatioiL 
This being the case, whatever interferes with the removal 
of the inflammatory products from an injured part, and 
thus favours their absorption, tends to induce or to in- 
tensify this febrile state. This is exemplified by the well- 
known effects which are produced by pent-np pus, which 
effects subside after its evacuation. 

Closely allied to this traumatic or surgical fever is tbe 
condition known as septiccBmia. Here, also, there is an 
absorption of certain infective substances from some local 
lesion, but the general disturbance of the vital functions 
to which they give rise is much more Gonsiderabl& 
Septicaemia appears therefore to differ from simple trau- 
matic fever mainly in this — ^that in it the infective pro- 
cess is one of much greater intensity. No sharp line of 
demarcation, however, can be drawn between the two. 

The clinical phenomena of septicsemia, as observed in 
man, are characterised not only by pyrexia, but also by 
vomiting, diarrhcBa, muscular enfeeblement, affecting 
particularly the heart and respiratory muscles, and ulti- 
mately a condition of collapse which tends to terminate 
in death. After death the blood is found to be darker 
and less firmly coagulated than usual. Extreme con- 
gestions and ecchymoses are met with in internal orgauR, 
especially in the heart, lungs, and gastro-intestinal 
mucous membrane. The spleen, liver, and other viscera 
are enlarged, friable, and abnormally vascular ; and little 
patches of lymph are seen on the joleura and pericardium. 
Metastatic abscesses and all other secondary inflammatory 
lesions are completely absent. Such pure uncomplicated 
cases of septicaemia are, however, comparatively infre- 
quent, the septicaemia being usually associated with the 
development of secondary suppurative inflammations — a 
pyaemia. A simple septicaemia is perhaps most common 
in the puerperal state (Puerperal Septicaemia). 

In studying the pathology of septicaemia we must con- 
gider-— 1. The natnie oi tlcie mfeGtive material — ^the sep- 
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ticeemic poison., and the conditions under which it in 
produced; 2. The circamstajices which influence its 
absorption and dissemination J and 3. The changes which 
it prodnces in the circulating hlood. Our knowledge on 
all these questions has been derived mainlj from the ex- 
perimental investigation of infective processes induced 
in the lower animalti ; and amongst those who have 
contributed most largely to this knowledge during the 
past few years are Professors Billroth, Bergmann, and 
in our own country, Dr. Bardon Sanderson.* 

1. The Septic Poison. — Firstly, with regard to the 
infective material, and the circumstances nnder which it 
is produced. In the natural disease this material origi- 
nates in connexion with some local inflammation, or 
mnch less frequently with some wonnd in which no in- 
flammation is present — as the uterus after delivery. It 
is in the albaminous liquids of such local lesions that 
the septic poison is produced, and its production appears 
to be invariably associated with the putrid decompoatticn 
of the hquid. In the disease artificially induced in the 
lower animals the poison is introduced from without, and 
consists of some putrid liquid, such as a putrid infusion 
of muscle. 

It is well known that the putrid decomposition of 



• "Leoturea on the lofectivo Processes of Disease," by Dr. 
Bnrdon SsniJeraon, delirersrf at the Univeraity of Loadoa.— Brit. 
Med. Joum. Dec lii77 sad Jan. IHTH, 
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albuminous liquids is always assodateci with the presence 
in them of bacteria, or their germs. (Fig. 78.) In a seiiflB 
of experiments made in the laboratory of the Brown 
Institution in 1872, with the object of determining tlie 
nature of the septic poison, Dr. Sanderson found that 
these, or similar organisms, abounded in all liquids which 
were capable, when introduced into the circulation of an 
animal, of producing septicsBmia ;* and from the results 
of these and other more recent experiments. Dr. San- 
derson concludes that the agency of bacteria is eesenHai 
for tlie prodibction of the septic poison. 

But although the production of the poison appears to 
be invariably associated with the presence of bacteiia, it 
is something quite distinct from the process of simple 
putrefactive decomposition. That this is so has been 
proved by Bergmann, who has shown that the poison can 
be produced by the action of bacteria on non-albuminons 
liquids ; and also that if bacteria be grown in such non- 
albuminous liquids, the first crop, which are rod-shaped, 
active organisms (bacteria proper) are inert ; but as the 
process of cultivation proceeds, spheroidal and less active 
organisms are produced (micrococci), and the liquid 
becomes intensely virulent. From these facts Dr. San- 
derson infers that the poison is not a product of the 
septic disintegration of protein substances, but something 
much more intimately associated with the existence and 
growth of the organisms themselves. 

The production of the poison being thus dependent 
upon the agency of bacteria, the question arises whether 
its effects are due to the direct action of the organisms 
themselves. In answer to this question, the results of 
Dr. Ander's experiments appear to be conclusive. This 
observer has shown that the complete destruction of the 
organisms in a Hquid which has been proved to be septic 
in no way impairs the virulence of its action .-f 

• " Trans. Path. Soc. Lond.," vol. xxiii. 1872.' 
t Ander's, "Giftige Wirkung von durch Bakterien betrObte 
iVaiiriliissigkeit." — Deutsche ZeitsckrVt j"ut CKirurgtc, voL vii. 
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From these investigations we must therefore conclude 
that the septic poison is a product of the growth of 
bacteria ; but, says Dr. Sanderson, hacteria are incapable 
of producing the poison in the healthy organism. The 
condition which appears to be necessary for the develop- 
ment of the poison, is some abnormal state of the living 
tissues, such as is produced by injury. It is in the pro- 
ducts of such injured tissues that the development of 
the bacteria and the production of the poison can take 
place, and it is consequently in some inflammatory lesion 
that septic processes most frequently originate. 

Inasmuch as the agency of bacteria is essential for 
the production of the septic poison, it will be readily 
understood why, in the majority of cases, septicaemia 
originates from lesions which are in direct communication 
with the external air, and also why the development of 
septic processes is favoured by the crowding together of 
persons with open wounds ; for, as pointed out by Mr. 
Savory, the decomposition of an animal fluid is hastened 
by the introduction into it of any other animal matter 
which is also undergoing active putrefactive change.* 

2. The absorption of the Poison. — Having discussed the 
nature of the poison, and the circumstances under which 
it originates, it remains to consider how it becomes 
absorbed and is disseminated. Putrid liquids in contact 
with injured tissues — liquids capable of producing the 
most intense septic processes if artificially inoculated — 
do not always become absorbed. The causes which in 
some cases favour their absorption, and in others prevent 
it, must be looked for, according to Mr. Savory (loc, cit.), 
in the condition of the tissues with which they are in 
contact. A fresh wound is a very readily absorbing 
surface, but Billroth and others have shown, expe- 
rimentally, that healthy granulations offer a decided 
obstacle to the absorption of fluids from their surface. 



• "Discussion on PysBraia at Clinical Society," Mr. Savory. — 
Tram. Clin. Soc. Lond.j vol. vii. p. Ixxvi. 
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When, however, the granulations become partially de- 
stroyed, or are in an unhealthy condition, fluids readily 
permeate them. It must, then, be considered as exceed- 
ingly probable that the absorption of the poison is in- 
timately connected with some abnormal condition, due to 
injury or disease, of the tissues with which it is in contact 
The poison, when absorbed, is disseminated by means of 
the veins and lymphatics. 

3. Changes produced by the poison in the Blood.'^ 
Respecting the changes produced by the septic poison ia 
the circulating blood, and in the organism generally— 
the results of the experimental production of septicsBniia 
show that these arc in direct proportion to the quantity 
of the poison that is introduced. The poison does not 
multiply in the body; and in this respect, therefore, 
as will be seen presently, simple septicaemia appears to 
differ from the closely allied pyaemia. 

The only other fact of importance in connexion with 
this part of the subject relates to the marked tendency to 
congestive hyperaemia and blood -stasis which charac- 
terises both the natural and the artificially induced 
disease. The investigations of Professor A. Schmidt and 
Dr. Kohler appear to prove that these circulatory phe- 
nomena are due to the destructive action of the poison 
on the white blood-corpuscles. Professor A. Schmidt has 
shown that the phenomenon of blood-coagulation is due 
to the white cells of the blood, that these cells contain a 
ferment, and that upon the destruction of some of them, 
and the consequent liberation of the ferment, the process 
of coagulation depends. From the experiments of Dr, 
Kohler* it would appear that in septicemia there is a 
destruction of the white blood-corpuscles, and that to 
this destruction, and the consequent tendency to coagu- 
lation, the congestive phenomena which characterise the 



* "Ueber Thrombose und Transfusion, Eiter und septische 
Infection und deren Beziehung zum Fibrinferment," by Dr. Armin 
Kohler. Dorpat, 1877. 
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Lsease are owing. The other phenomena of septicsBmia 
-the fever and collapse, however, are not thus accounted 
»r. These may possibly be dae to the action of the 
aison on the nerve-centres. 

Pyemia. 

Pyaemia, as already stated, is the result of the develop- 
Lent and absorption of the same poison as that which 
ives rise to septicaemia. The two conditions are thus 
osely allied, and they are very oflenf associated. The 
»rmer, however, is much the more frequent. 

Pysemia differs from septicaemia in this respect — ^that 
L it the absorption and dissemination of the infective 
oison gives rise not only to an alteration in the blood 
ad a general disturbance of' the vital functions, but also 
) the production of secondary foci of inflammation — 
le so-called metastatic abscesses. It is the production 
f these abscesses, and of other more diffused inflamma- 
)ry lesions which is the distinctive character of pyaemia. 
i is thus probable that pyaemia is invariably associated 
ith more or less septicaemia, and it may be regarded as 
septicaemia in which there are metastatic suppurative 
iflammations. 

Pyaemia being thus the result of the absorption of the 
ime septic poison as that which gives rise to septicaemia, 
[1 that has been said respecting the origin and nature of 
lis poison, and the circumstances which influence its 
)3orption and dissemination from the focus of infec- 
on, applies equally to both diseases. What remains for 
)nsideration are the differences in the effects which are 
roduced. It will be well, in the first place, however, to 
jscribe briefly the pyaemic lesions. 

The lesions which are the most characteristic of pyaemia 
re the so-called metastatic abscesses. These present 
irtain peculiarities. In their earlier stages they usually 
msist of somewhat reddish, friable, granular-looking 
asses of consolidation, which are surrounded by a thin 
>ne of red hyperaemic tissue. These maaaea axe ix^c\vjc<sti}(iX^ 
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wedge-shaped, the apex of the cone being towards the 
centre of the organ. They vary considerably in size, some 
not being larger than a small pea, whilst others exceed 
the size of a chestnnt. The consolidated mass soon 
assumes the characters of an abscess. Its more central 
portions become softened and purulent, and ultimately it 
tends to become converted into a collection of pus and 
broken-down tissue, this being still surrounded by a thin 
red zone of induration. These metastatic abscesses are 
met with most frequently in the lungs ; but they also 
occur in the liver, spleen, kidneys, and in other internal 
organs. They are more commonly found near the surface 
than in the more internal portions of the organ, often 
being situated immediately beneath the fibrous capsule. 

In addition to these abscesses, more diffused inflamma- 
tory lesions are met with in pyaemia. These consist chiefly 
of suppurative arthritis, and of inflammations of the sub- 
cutaneous cellular tissue and serous membranes, espe- 
cially of the pleurae and pericardium. 

With regard to the pathology of these metastatic 
abscesses, and other secondary inflammations — ^they are, 
for the most part, of embolic origin, the emboli originat- 
ing in the thrombi which form at the seat of the primary 
lesion. The circumstances under which thrombi formed 
in the vessels of a part become softened or broken-up, 
so as to furnish embolic plugs, and the way in which 
these plugs may set up acute inflammatory jjrocesses 
at the seat of their arrest, will be fully described in 
the chapters on "Thrombosis" and "Embolism."* It 
will be sufficient in the present place to state that in the 
course of a pyaemic process the coagula which form in the 
vessels at the seat of the pyasmic inflammations become 
infected with the pyaemic poison, and if they soften or 
become broken-up so as to furnish embolic plugs, these 
plugs cause secondary suppurative processes in the parts 



• The student will do well to teaA \:\ift chapters on " Throm- 
boBia" and " JJmbolism" as a se(\u©\ to t^ie ignc^%«ii\. <2&k^\ax« 
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in which they become arrested ; and it is to the dissemi- 
nation of these infective emboli that the formation of 
the majority of the metastatic abscesses in pyaemia is 
owing. 

The prominent part which is played by thrombosis and 
embolism in the pathology of these infective processes 
probably acconnts for the fact, that these processes are, 
in the majority of cases, associated with the development 
of metastatic abscess and other secondary inflammations — 
in other words, that pyaemia is so much more common 
than pure septicaemia. The blood-vessels of the primary 
lesion which serves as the starting-point of the infective 
process — usually a local inflammation — can rarely be free 
from coagula, and hence not only is the absorption of the 
poison often delayed (or even prevented), but when it 
does take place, it is usually associated with the dissemi- 
nation of solid substances derived from the coagula them- 
selves (emboli). 

The occurrence of thrombosis and embolism also appears 
to influence the intensity of the infective processes. In 
simple septicaemia it has been seen that the changes pro- 
duced are in direct proportion to the quantity of the 
poison which is absorbed from the primary lesion. In 
pyaemia, however. Dr. Sanderson says, the poison pro- 
bably muUi'plies within the organism. In attempting to 
explain this, the experiments on the cultivation of the 
septic poison are of much value. These experiments prove 
not only that the poison can be produced by cultivation, 
but also that in an artificially produced septic liquid the 
virulence of the liquid increases with the development of 
the bacteria. A similar cultivation of the poison probably 
occurs in pyaemic processes. The original poison pro- 
duced at the primary lesion increases in the secondary 
and tertiary foci of inflammation, and not only increases, 
but perhaps becomes more virulent. 
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CHAPTER XXIX. 

SYPHILIS. 

The lesions occurring in the course of constitutional 
syphilis are for the most part inflammatory in their 
nature, but in their seat, distribution, and histological 
characters, many of them present certain peculiarities 
which make them quite characteristic of this disease. 
The primary syphilitic lesion (usually the indurated 
chancre), the secondary lymphatic gland enlargement, 
and the subsequent series of changes in the skin, mucous 
membranes, and later — in the nervous system, bones, and 
internal organs, are all of them the results of chronic 
processes, allied to inflammation, induced by the syphi- 
litic poison. 

The lesions, however, which must be regarded as 
especially characteristic of syphilis, are of three kinds — 
certain fibroid indurations, a form of growth which is 
known as a gumrtia or syphilitic tumour, and certain 
changes in the arteries. These forms of lesion are very 
frequently associated, and in many cases it is difficult to 
draw any line of demarcation between them. 

1. Fibroid Changes, — Fibroid indurations are often 
associated with the gummata, and many fibroid lesions 
are simply the remains of what were previously gummy 
tumours. 

Fibroid changes also occur very frequently in the 

course of syphilis quite independently of gummata. 

These changes consist in the development of a fibroid 

tissue precisely similar to that met with as the result of 

ordinary chronic in^omiii^AioTL. V^^ ^^"^xAsMcamation of 
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Common Connective Tissue.") The new tissne, which 
originates around the blood-vessels, and in the earlier 
stages of its growth is more or less richly cellular, pro- 
duces a fibroid thickening of the affected area. These fibroid 
thickenings are characterised by their localisation and by 
the irregularity in their distribution. They occupy, for 
the most part, small aredSj and the surrounding tissues 
are unaffected. It is these peculiarities in their distribu- 
tion and localisation, and not their histological cha- 
racters, which render them so characteristic of syphilis. 

These fibroid changes are met with in various situa- 
tions — in the periosteum, in the sheaths of nerve-trunks, 
in the capsules and interstitial tissue of organs, and in 
muscle. When occurring in the capsules of organs they 
present very characteristic appearances. In the liver and 
spleen, where they are the most frequent, they give rise 
to an irregularly distributed thickening and puckering 
of the capsule, which is exceedingly tjrpical of advanced 
syphilis. The thickened portions are usually connected 
with dense fibroid septa which pass into the interior of 
the organ; and there are frequently also numerous 
strong peritoneal adhesions. The gummy masses, about 
to be described, are very often to be found in the midst 
of the fibroid growth. 

2. Gummata. — These are perhaps more characteristic 
of syphilis than the fibroid lesions, with which, as already 
stated, they are frequently associated. The gummata, as 
usually met with, are moderately firm yeUowish-white 
nodules, having often, on section, somewhat the appear- 
ance of a horse-chestnut. They vary in size from a 
hemp-seed to a walnut, and are surrounded by a zone of 
translucent fibrous-looking tissue, which sometimes has 
the appearance of a capsule, and which is so intimately 
associated with the surrounding structures that the 
enucleation of the mass is impossible. In the earlier 
stages of their development, when they less commonly 
come under observation, they are much softer in consis- 
tence, more vascular, and of a TeddiB\i->N\i^^ ^i^'aKxxs 
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-whilst in their moet AdraiLced itages, owing t< 
TetrogcTeBBiTe changes, th^ maj be diotinoUy caaeoni. 

When the gnmniiLta ore examined mieroacopicaUj &BJ 
are found to coneist in the main of atrophied, degene- 
rated, and broken-doffn cell-prodncts, imbedded in an in- 
completely fibrillated tdeane. lliere are, howerer, soma 
marked Btmctural diSerences between the central and ex- 
ternal portions of the growth. The central portions an 
composed almost entirel j of 
Fio 79 cloaelj packed grannlar d£- 

bna, fat grannies, and cbo- 
lestnn, amongst which may 
be an exceedingly scantj 
fibrillated tissue. (Pig. 79, a.) 
SnTTonnding this and di- 
rectly contmnons with it >1 
a fibio-nncleated strnctnn; 
whilst the peripheral por- 
tion of the growth is a lichlj 
cellolar and vasaalar tissQe. 
(Fig 71 6 and Fig. 80.) Tliis 
c''t™''Sr8*of^^ro* peripheral ceUnlar tisBne, 
Hixtiiig nFgranuliirci^bns. b.Pt- which ism direct histological 
nplirrol k™-"'''*''!' tissue, r. A continuity with the sor- 
blcMKl-vi'BSfl. X 100. (Corml ... 

Bnil liaurier.) roonding Htmctnres, con- 

sists of small cells, many of 
which resemble white blc>od-GorpnBcles, whilirt others are 
larger and nucleated like the cella of grannlation-tissue. 
ThcHe cells arc separated by a scanty, homogeneous, inter* 
cellular material and nnmerous new blood-yeasels. 

The three zones above described, which are to be dis- 
tinguished more or less clearly in most of the fully 
developed gummy nodules, correspond with three difie- 
rent stages in their growth. The most external zone, 
consisting of the vascular granulation -tissne, repre- 
seuta the early stage of development, and by the 
continuous formation of this tissue the growth may CMi- 
tinaously inoreaee. I^q Wke.'cui^diBlM more fibrous sons 



represents the second stage in the process — the deve- 
lopment of the gnuialatioit-tiBsiie into a more or leas 




Tin Periphtral Portion qf a Gammy Broteth (« tht 
Xldtirg. Bbowisg the small-celled gmnal&tion growth 
in the iatertubuliij tissue, x SOO. 

completely fibrillated atmoture. The characters of thia 

jibrillated tiaane Ta.iy in different growths. In some the 

fibrillation is very diatinct ; in others, the tisane is dense 

Fia 81. 
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mmy OroiBth in the Kidnej/. ShowJDg 
the reticulsteii structure occaajouslly met with ia 
the intermediate zone of these formations, x 200. 

and cicatricial in character; whilst lesa frequently, it 
conaista of a reticulated structure within the meehea of 
which are gronped round small cella. (."f^ft, %\^ '^ft 
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central zone, consishing of the amorphous granular ma- 
terial, represents the oldest portion of the gprowth — ^ibat 
which has undergone retrogressive changes. The hlood- 
vessels, which only exist in the zone of pToliferation, 
appear to hecome ohliterated in the procesA of develop- 
ment, and this accounts for the rapid degeneration of the 
central portions of the growth. It is prohable that this 
obliteration of the blood-vessels may be due to the 
changes in the arteries abont to be described. When the 
tamour is large, it may sometimes be seen to be made up 
of several distinct smaller growths, each presenting at 
its circumference the more perfect cells, whilst its centnl 
parts are granular and amorphous. 

It would thus appear that the first stage in the prooeii 
of formation of these gummy growths concdstB in the pn>- 
duction of a highly organised and vascular granulation* 
tissue. This new tissue, although it may develop into la 
incompletely fibrillated structure, soon nndergoea d^ 
generation. The degenerated elements become cIomIj 
packed in the centre of the growth, whilst proliferatioa 
and incomplete fibrillation continue at the circnmierence. 
The central portions of the growth occasionally become 
calcified, but more commonly they gradually become 
absorbed, and a mere puckered fibrous cicatrix may thtu 
nltimately occupy the seat of the original tumour. This 
is one of the ways in which the fibroid lesions originate. 

The gummata are the new formations most characte- 
ristic of syphilis. They are met with in the skin and 
subcutaneous cellular tissue, in the submucous tissue, in 
muscle, fasciae, bone, and in the connective tissue of 
organs — especially of the liver, brain, testicle, and kidney. 
They also occur, but much less frequently, in the lungs ; 
as do also simple localised fibroid indurations. When 
situated in the submucous tissue, the mucous membrane 
usually becomes destroyed, and a deep ulcer forms. This 
is seen in the pharynx, soft palate, tongue, larynx, and in 
other parts. These true gummy ulcerations must be 
distinguished from the ^u^x^oAai ulcerations resulting 
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from mflainmat(n7procea8ea in the Ijinphatio atnictnres, 
which alao occur in sjphilis. 

3. Change* in Arteriet. — Certain changM in the cere- 
bred arteries have been recently described by Henbner as 
characteriatdc of syphilis. These changea liave been 
brought x>i^™<i>ently before English pathologists by 
Drs. Qreenfield, Barlow, and others ;* and the investiga- 
tions of the first-named of these obserrera would tend to 

Fio. 82. 




%)ft«t«« Dimae of CerOiTal Arteriet. 

A. Segment of middle cerebral artery, tranHverso section- 

i, thiekeued inner coat; e, endothelium! /, membTsi 
fenestrata; m, muscular coat; a, adventitia. " SU 

B. Small «^ry of Pia Mater, transTcrBeaection. Showii 

thickened inner cioat, diminished lumen of vesael, at 
considerable inffllration of ad»entitia. The i^vity 
the vessel is ocoupiea by a clot (? tbrombuH), x 10 
lednced ^. 

• "Tmns. Path. Soo. LoniL," vol. xiviu,— ViKtrol Sinl 
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render it probable that similar ohaxiges occur in the 
arteries in other sitnations. 

In the cerebral arteries the changes produce opacity 
and marked thickening of the Tessel, with considerable 
diminntion in its calibre. It is this diminution of the 
lumen of the yessel which is especially characteristic. 

When transverse sections of the yessels are examined 
microscopically, the principal change is seen to be situated 
in the inner coat. It is well shown in the accompanying 
drawings made from specimens kindly lent to me by Dr. 
Barlow. (Fig. 82.) This coat is considerably thickened 
by a ceUnlar growth. The growth, which is limited 
internally by the endothelium of the vessel (Fig, 82a. e), 
and externally by the membrana fenestrata (Fig. 82a./), 
closely resembles ordinary granulation-tissne, consistiiig 
of numerous small round and spindle-shaped cells. This 
tissue appears gradually to undergo partial development 
into an imperfectly fibrillated structure. 

In addition to tiiis change in the intima, the outer coat 
is abnormally vascular and infiltrated with small cells 
(Fig. 82a. a), and this cellular infiltration usually also 
invades the muscular layer (Fig. 82a. m). 

The result of these changes in the inner coat is to 
diminish very considerably the lumen of the vessel (Fig. 
82b.) ; and the consequent interference with the circula- 
tion frequently leads to coagulation of the blood (throm- 
bosis) and cerebral softening. 

Dr. Greenfield's observations, as already stated, tend to 
show that similar arterial changes occur in other parts, 
and that they account for the degeneration of syphilitic 
gummata. 

SYPHILITIC DISEASE OP THE LIVER. 

The liver is one of the most frequent seats of syphilitic 
lesions. The most common change is the development of 
fibroid and gummy growths in the substance of the organ. 
These growths are strictly localised, the surrounding liver- 
tissue being healthy. Tha ^xowtha — which are usually 
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coniiected with fibroid thickenings of the capsule — 
sometimes consist simply of a dense fibroid structure. 
More commonly, however, gummy masses are found im- 
bedded in the fibroid growth. In the former case it is 
possible that the gummy mass may have become absorbed, 
leaving merely its fibroid cicatrix. 

The development of these growths produces very 
marked alterations in the form of the liver. Scar-like 
depressions are seen on its surface, and the organ is 
irregularly, and often very deeply puckered. 

A more general fibroid change, not associated with the 
formation of gummy masses, is occasionally met with in 
the liver in inherited syphilis. This change closely 
resembles ordinary cirrhosis, although the intercellular 
network of the liver is usually more extensively involved. 

Lastly, it must be mentioned that the liver in syphilis 
is frequently amyloid. 

It is unnecessary to describe particularly syphilitic 
lesions in other organs, as they all present the same 
general characters — ^viz. strictly localised fibroid, or 
fibroid and gummy growths. 



CHAPTER XXX. 

INFLAMMATION OP NON-VASCULAB TISSUES. 

INFLAMMATION OP CARTILAGB. 

The phenomena of acute inflammation in cartilage, 
although comparatively rare in man, have been studied by 
the artificial production of inflammation in the articular 
cartilages of the lower animals. They consist in changes 
in the cartilage itself, and in the vessels of the adjacent 
synovial membrane and bone, from which the cartilage 
receives its nutritive supply. Respecting the vascular 
changes, these are such as have been already described as 
characteristic of inflammation. 

The changes which take place in the cartilage itself 
have been believed to be accompanied by activity of the 
cartilage-cells, by their proliferation, and the production 
of new elements. Such changes are represented in 
Fig. 83. The results of recent investigations, however, 
tend to show that the cells of the cartilage really remain 
inactive in the process of inflammation, and that aU the 
young elements are emigrants from the vessels. 

Whether the cells of the cartilage take any active part 
in the process or not, their capsules become destroyed, 
the intercellular substance softens and breaks down, and 
numerous small cells take the place of the original tissue. 
(Fig. 83, e.) As the process proceeds the new cells and 
granular debris escape from the surface of the cartilage, 
which thus becomes irregular, presenting numerous 
elevations and depreaaiona *. this is acute ulceration of 
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cartilage. Wliilst theee changes are taking place in the 
cartil^e itself, nwnerona new blood-Teasela are formed 
from those in the adjacent 'bone or Bynovial membrane ; 







vithm their capsules, e- Great incre&ae in tbe Dumber of 
the joiiDg cells, Hud destmctlou o[ the iat«rcellnlar anb- 
BtsQce. X 250. (Coiuil atid Banrjer.) 

the little loops of new ressela dipping into the soUened 
cartilage. This prcKteas of softening and ulceration may 
go on tintil the cartilf^e is completely destroyed, or it 
may become arrested. In the latter case the yonng oells 
form a granulation -tissae, this tissne £brillatea, and the 
lost cartilage thoa becomee replaced by a fibroid atractnre. 

When the inflammation is less severe and runs a more 
chroiiio conrse, the cellular infiltration ia leaa abundant, 
and the interceUnlar aubataace is less destroyed. The 
newly formed ceUs are more highly organised, and whilst 
many of them undergo retn^reasive changes, othera form 
a iibrillated tissue. Irregular cavities may thus be pro- 
duced in the midst of a fibrillated cartilage. 

Erosion of Ca/rtilage. — Alluaion must be made here to a 
morbid condition of cartilage which is exceedingly common 
in people past middle life. It consists in the occurrence 
upon the surface of the articular cartilages of small, 
yellowish, floccnlent spots, which gradually increase in 
size, and ultimately break down and become destroyed, 
leaving a superficial erosion. The ctaaje (iiiCT«* icwi^ 
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frequently in the cartilages of the patella and of the knee* 
joint, and in other sitnations in which the cartilages are 
especiaUj subjected to pressure. 

When the diseased portions are examined microscopi- 
cally, the most marked alteration is seen to consist in a 
fibrillation of the intercellular substance of the cartilage. 
Some of the cartilage-cells are also increased in size fud 
show signs of proliferation ; whilst others are in varioiu 
stages of fatty metamorphosis. The change appears to 
result from long-continued irritation due to pressure, and it 
may be reg^arded as an irritatiye process, in which, owing 
to the natural poverty of the vascular supply, retro- 
gpressive changes occupy a very prominent place. 

INFLAMMATION OF THE CQBN£A. 

The process of inflammation as it occurs in the cornea 
has been chiefly studied in the frog. After injury of the 
frog's cornea, the earliest changes observed consist in 
the conjunctival epithelium becoming visible, and in the 
appearance amongst the epithelial cells of a few leuco- 
cytes, which have probably escaped from the hyperaemic 
vessels of the conjunctiva. The cornea cells and their 
prolongations then become visible (they are invisible in 
the healthy cornea, which appears perfectly structure- 
less), and the intercellular substance gradually becomes 
increasingly opaque, owing to its infiltration with small 
cellular elements (leucocytes). These are so numerous 
and increase so rapidly, that they must undoubtedly be 
regarded as, in the main, emigrant white blood-cor- 
puscles. It was formerly believed that the cells of the 
cornea exhibited active changes, and that from them 
many of the new elements which are seen in the intercel- 
lular substance were produced ; but here, as in cartilage, 
all recent investigations render it more probable that they 
really remain inactive. As the number of young elements 
increases the consistence of the cornea becomes dimi- 
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nislied, until ultimately the tissne breaks down and is 
destroyed. 

The inflammatory process may continue nntil the whole 
of the substance of the cornea is softened and destroyed ; 
or it may become arrested. In the latter case more or less 
thickening and opacity of the cornea wiU result, owing to 
the increase in the number of cells and the changes in the 
intercellular substance. 



CHAPTER XXXI. 

INFLAMMATION OF COMMON CONNECTIVE TISSUE. 

Common connective tissue is one of tlie most frequent 
seats of the inflammatory process, not only the subcuta- 
neous connective tissue, but also the connective tissue 
of organs and of other parts. 

If connective tissue be examined a few hours after the 
infliction of an injury, it will be found that in place of 
the flbrillated substance and flxed connective-tissue cells 
of which it is normally composed, the tissue is infiltrated 
with small round cells (leucocytes), and that the fibril- 
lated intercellular material has become homogeneous 
and gelatinous in consistence. The number of these cells 
gradually increases, and the intercellular substanC/C gra- 
dually becomes more completely destroyed — being pro- 
bably consumed by the newly formed elements — so that 
ultimately the tissue consists almost entirely of small 
round cells, held together by a very small quantity of soft 
gelatinous intercellular material. 

Respecting the source from which these young elements 
are derived — i.e., how far they are emigrants, and how 
far they are the offspring of cells belonging to the con- 
nective tissue — there appears to be little doubt that they 
are almost entirely emigrants. Although it was formerly 
supposed that the connective-tissue corpuscles multipHed 
very rapidly in inflammation, and that the newly formed 
cells were entirely the result of their proliferation, the 
investigations of Professors Cohnheim, Strieker, and 
others, show that this view ia erroneous ; and according 
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to Cohnlieim, these corpuscles take no part whatever in 
the inflammatory process. Professor Strieker, however, 
has observed them undergoing active movements in the 
inflamed tongue of the frog, and although he has never 
seen them divide, he concludes that they may probably 
do so in the latter stages of the inflammatory process. 
The present state of our knowledge respecting inflam- 
mation of connective tissue would therefore appear to 
justify the conclusion that in the early stages of the 
process all the young cells are emigrants, but that in the 
latter stages a few of them may possibly be derived from 
the proHferation of the flxed connective-tissue cells. 

Such being the nature of the changes which more 
immediately follow injury of the connective tissue — ^the 
inflammatory process may terminate in resolution, in 
organisation, or in suppv/ration. 

Resolution. — If the injury sustained by the tissue is 
not severe, the inflammation may gradually subside, the 
process terminating in resolution. In this case the 
hyperaemia diminishes, the emigration ceases, some of 
the young cells undergo fatty metamorphosis and thus 
become absorbed, others pass into and are removed by 
the lymphatics, and the tissue gradually returns to its 
normal condition. 

Organisation. — If the inflammatory process does not 
terminate in resolution, many of the young cells may 
become more fuUy developed, and ultimately form a 
fibrillated tissue. This organisation of the inflammatory 
formation is seen in the healing of wounds by the " first 
intention," and also in many of the chronic inflamma- 
tions of the kidney, liver, and other organs. In order 
for it to occur it is necessary that there should be a con- 
siderable diminution in the intensity of the inflammation. 
{See " Chronic Inflammations.") 

The process of organisation takes place by the produc- 
tion of new capillaries and by the development of the 
young cells into a granulation-tissue. This granulation- 
tissue consists almost entirely of young cell^, ^\i\OcL mTi'^ 
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be r6gB.rded &a eihibitisg a Bomewliat higlieT stage of 
development than the primary amceboid celle (lencocjtoa) 
of the inflammatorj formation. The; are epherical massea 
of protoplaem from xAs to innra °i bji inch in diameter, 
TiBnaUj containing an indistinct roand or roandly-ov&l 
nnclens, which often onlj becomea visible after the addi- 
tion of acetic acid; and althoagh thej exhibit slight 
amceboid movemente, thej are much less active than tbe 
emigrant blood- corpnacleB. The further oiganiBation of 
the groirth takea place by the development of this grana- 
lation-tiasne into a fibrillated or adenoid atmctnie. The 

Fio. 81. 




grannlation- cells diminish in number, many of them Ite- 
quentlj become apindle -shaped, the newly formed capil- 
lariei gradually disappear, and the richly -cellalar tissue 
thus becomes converted into a more or less dense strao- 
ture, which is characterised by the gradual procesH of 
contraction which it nndergoes. This is nsoally known 
as cicatricial titeue. 

The characterB of thia new tisane present certain Taria- 
tiona. Sometimes it conaists of cloeely-paeked wavy 
fibres, amongst which are a few elongated apiudle-ehaped 
elements, such as are represented in Fig. 84, b. It is 
equally common ioi ttke\Aa«aetQ«asqmatha appearance 
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sliown in Fig. 84, a — a dense homogeneous or obscurely 
fibrillated material, forming meshes of varions sizes, 
within which are grouped a few lymphoid cells. (See 
also Figs. &7 and 102.) These two varieties are very 
frequently associated in the same specimen, the former 
probably representing a higher degree of development 
than the latter. 

SuppuBATioN. — ^When the injury sustained by the tissue 
is so severe or so prolonged in its action as to prevent the 
occurrence of resolution or of immediate organisation, the 
young cells infiltrate the tissue in such numbers that 
they may accumulate so as to constitute pus. The pus 
may either become collected together within the tissue so 
as to form an abscess, or it may be continuously dis- 
charged from the surface, as in a granulating wound. 
The deleterious influence which the pus exercises upon 
the tissues with which it comes in contact, causing their 
destruction and absorption, has already been alluded to. 
(See " Suppuration.") 

Organisation after Sv/p'pv/ration, — ^This constitutes what 
is generally known as healing by granulation^ or by the 
second intention. It takes place in wounds in which, 
from the non-apposition of the wounded surfaces, union 
by the first intention has not been eflected ; and in other 
lesions in which the injured tissue presents a free surface 
communicating with the external air, as in an ulcer. The 
process of repair after the separation of a dead part 
(demarcation and separation) is in the same way eflected 
by granulation, as is also the closing of the cavity left 
after the discharge of the contents of an abscess. In all 
these and similar cases the inflammation and suppuration 
of the tissue are followed by the formation of granula- 
tions, and by the subsequent development of these into a 
fibrillated structure. 

The process of organisation in these cases is eflected, in 
the first place, by the development of the young cells in 
the superficial layers of the inflamed tissue into a granu- 
lation-tissue, in the same manner as ^\ie;iL \]tL<^T^ S& \^^ 
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i^rpcracon- Thia gmmlatiou-tdflnLe, bowerer, being 
silsatM sii[«Tticiallj, and coming into contact with Qi» 
«it«mal air. becomu urwiged in the form of etmall papil- 
iiform nodnlee, which are known as grxmulaiiont. Tlua 

Fig. 85. 




A Grantdating SiirliKf a Layer of pus. 6 Granil 
latiou tissuo witb loopa of blood veseela c CammouciDg 
devel ipmcnt of tbe (^DuUtiou tiseae into a Gbnllstad 
Btru..tur I 2U0 (llmdfltiacli ) 

arrangement of the grannlaitioQ tmane m the form of 
granulations appears to be determined by that of the 
WW capillary 'blood. ^cBBoVa 'fl\adi «xa developed bo 
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rapidly in it. These vessels form little vascnlar loops, 
and the young cells are arranged ronnd them, so that 
each loop corresponds with a single granulation. The 
deeper layers of the granulation-tissue gradually become 
developed into a fibrillated tissue, whilst the cells on the 
surface of the granulations, together with the liquids 
exuded from the subjacent vessels, are discharged in the 
form of pus. (Fig. 85.) 



CHAPTER XXXIL 

INFLAMMATION OF BONE. 

Inflammatory processes in bone give rise, for the most 
part, to an increase of medullary tissue, and to softening 
of the compact osseous structure. 

The process takes place in the medullary tissue and in 
the Haversian canals, the primary vascular phenomena 
being accompanied by an abundant emigration of blood- 
corpuscles. The cells in the medullary spaces and 
Haversian canals also undergo changes. In those whicli 
contain fat — the adipose cells — the fat is absorbed. Some 
of the cells enlarge and their nuclei multiply, and thus 
are produced large multinucleated elements (myeloid 
cells), similar to those usually met with in growing bone. 
Whether there is any new cell-formation is uncertain. 
As the result of these changes, the medullary spaces be- 
come occupied by a richly-cellular tissue. 

Whilst these changes are taking place in the medullary 
tissue, the surrounding osseous lamellae are gradually 
absorbed, the lime salts are removed, and in this way 
the medullary spaces and Haversian canals increase in 
size, and ultimately become confluent. There is thus a 
new formation of medullary granulation-tissue at the 
expense of the compact osseous structure, and the bone 
becomes exceedingly spongy, soft, and vascular. 

If the process be not severe it may occasionally, in its 
earliest stages, terminate in resolution. More commonly, 
however, it continues until more or less of the bone 
becomes replaced "by t\xe mtocam^toTy tissue. If the in- 
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flammation be of considerable intensity it leads to the 
formation of pus. The cellular infiltration increases, the 
compact osseoas tissue becomes more and more absorbed, 
and the pus which is produced may accumulate beneath 
the periosteum or in the centre of the bone, so as to form 
an abscess. This constitutes the. condition known as 
oftteo-myelitis or acute ostitis. These intense forms of 
inflammation often lead to necrosis of the bone. 

When the inflammation is of much less intensity, the 
new inflammatory tissue may undergo progressive de- 
velopment, and form new bone. In this case a new for- 
mation of osseous tissue takes place in the enlarged 
Haversian canals and cancellous spaces, so that the bone 
becomes converted into a heavy dense structure, consisting 
of hard compact osseous, with very little cancellous, 
tissue. This is sclerosis of bone. 

Pebiostitis. — Inflammation of the periosteum may be 
localised or diffuse, acute or chronic. Acute inflamma- 
tions of the periosteum lead to the formation of pus, 
which accumulates between the bone and the periosteal 
membrane. This, by interfering with the vascular supply, 
frequently causes necrosis of the superficial layers of the 
bone ; and if a large portion of the periosteum be in- 
volved, and the inflammatory process extend to the deeper 
parts of the bone, the whole bone may die. Another 
not infrequent result of periostitis is a chronic superficial 
inflammation and caries of the bone. 

When the inflammation of the periosteum is less intense 
and more chronic, the new inflammatory growth produced 
in the deeper layers of the membrane may become de- 
veloped into osseous tissue (periosteal ossification.)* The 
process thus causes enlargement of the bone, or if this be 
necrosed, it helps to reproduce the lost structure. (See 
" Necrosis.") 

♦ According to Billroth, this new osseous tissue is partly derived 
from the bone itself, which, he states, is the seat of a superficial 
ostitis. (See " Billroth's Surgical Pathology and Therapeutics," 
translated by Hackley. 4th Edit, p. 419.) 
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Strictly localised inflammations of the periostenm ooenr 
in the formation of nodes, and here also there is £re- 
quently a new growth of bone. 

!N ECROSis. — All conditions interfering with the snpply of 
blood to a bone may be causes of its death. Necrosis 
may thns result from accident, portions of bone being 
violently separated from their vascular connexions, or, 
more commonly, the periosteum being stripped off and in- 
jured. Much more frequently, however, it is the result of 
the intense inflammatory processes in the bone or perioB- 
teum which have been described. 

The bone, when dead, undergoes a gradual process of 
separation from the adjacent Uving tissue. This is 
eflected in the same way as the separation of soft struc- 
tures. (See " Gangrene.") The adjacent living bone 
becomes the seat of an inflammatory process, a granula- 
tion-tissue and pus are produced, and by this means the 
dead portion is completely separated. When separated 
it is termed a sequestrum. 

The removal of the sequestrum from the granulation- 
tissue with which it is in contact is often only effected 
with considerable difficulty, especially if it be deeply 
seated. This difficulty is occasionally due to a more or less 
thick layer of the old bone surrounding the necrosed por- 
tion. Much more frequently, however, it is owing to the 
participation of the periosteum in the inflammatory pro- 
cess. The iQflamed periosteum produces new bone, a 
capsule of which is thus formed, enclosing the sequestrum. 
Openings exist in this capsule (cloacce) leading to the dead 
bone, and through these openings the inflammatory pro- 
ducts are discharged. When the sequestrum is quite su- 
perficial, its removal is, of course, more readily effected. 

Caries. — By caries is understood that inflammatory dis- 
integration of bone and removal of the dead products 
which corresponds with ulceration of soft parts. Caries 
is therefore one of the results of inflammation of osseous 
tissue. 

Inflammatory pioceaBea mVioiift ^hich are of compara- 
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tively slight intensity have been seen to be characterised 
histologically by a gradually increasing production of an 
inflammatory granulation-tissue from the medullary 
tissue of the bone, and by the absorption of the compact 
osseous structure. This absorption of the bone appears 
to be effected entirely by the new inflammatory growth. 
When these chronic inflammatory processes occur in the 
superficial layers of the bone beneath the periosteum, the 
bone is gradually destroyed, and presents a ragged, irregu- 
lar excavated surface. This is superficial caries, or ulcera- 
tion of bone. The floor of the ulcer consists of a cancel- 
lous structure containing the debris of the disintegrating 
process. In many cases there is a marked condensation 
(sclerosis) of the deeper portions of the bone. 

Chronic inflammatory processes in the interior of bone 
cause in the same way absorption and disintegration of the 
osseous structure. Here, however, the inflammatory pro- 
ducts being less readily removed, sometimes undergo, 
especially in scrofulous children, a kind of caseous trans- 
formation, and the carious cavity contains molecular 
debris, sanious pus, and minute portions of dead bone. 
The inflammatory granulation-tissue often projects as 
fungating masses into the cavity. 

Caries is frequently associated with more or less ne- 
crosis, especially when the process affects the interior of 
the bone. Small portions of bone are cut off from their 
vascular supply, become detached, and are found in the 
carious cavity. 

There are two other morbid conditions of bone, which, 
although probably not coming within the category of in- 
flammation, may be conveniently described in the present 
chapter — viz. Mollities Ossium and Bichets, 

MOLLITIES OSSnJM. 

Mollities Ossium or Osteomalacia is a rare disease, 
occurring only in adults. It is characterised by a pro- 
gressive softening of the bones, owiug to an increase in 
their medullary tissue and the destradioiv oi ^Oxiti ^^^tsl- 
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pact osseonR stmcture. The bones become so much 
softened that they can be easily cnt with a knife ; thej 
are exceedingly light, and bend readily in all directioiis. 
On section, the cortical layer is found to be almost 
destroyed, the bone consisting of a wide cancellons struc- 
ture containing a reddish, gelatinous, fottj mateiiaL 

The nature of the disease is obscure. Aeoording to 
Kindfleisch, the change consists in a decalcification of the 
osseous tissue spreading gradually from the meduHa and 
cancelli of the bone. The decalcified tissue does not become 
so completely absorbed as in inflammation of bone, bat 
undergoes more or less of a mucoid change. The mednl* 
lary tissue is exceedingly vascular, but unlike ordinary 
granulation-tissue it usually contains much isA* Lactic 
acid has been found in the bone and in the urine. The 
urine usually, also contains lime salts, which have been 
removed from the bone and eliminated by the kidneys. 

BICKJSTS. 

The common disease of children so well known sa 
Bickets, or Eachitis, is mainly characterised by certain 
alterations in the bones. The bones generally are softened. 
The ends of the long bones are enlarged, and the flat bones 
are thickened. As a result of these alterations the bones 
become deformed, and their growth is frequently arrested. 

Respecting the nature of this disease, we are at present 
unable to speak certainly. It appears, however, to be 
closely associated with mal-nutrition, and all those con- 
ditions which materially interfere with the nutrition of 
the child may be causes of the disease. 

The alteration in the bones may be briefly described— 
as stated by Sir W. Jenner — as consisting in an increased 
preparation for ossification, but an incomplete perform- 
ance of the process. In a growing bone the zone of soft 
tissue in which the process of conversion of cartilage into 
bone is taking place is exceedingly narrow, the changes 
in the cartilage involving only one or two rows of the 
cartilage cells. In mk.ei^ '^'^ ttansitiou zone is very 
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considerably widened, the changes in the cartilage cells 
extending for some depth into the cartilage, and the 
adjacent layer of cancellous tissue being much broader 
than natural. The junction between the bone and the 
cartilage is also exceedingly irregular, so that in some 
parts the cancellous bone extends into the cartilage much 
further than in others. Usually the alterations in the 
cartilage in the transition zone are accompanied by the 
calcification of the new tissue and its conversion into 
bone. In rickets, however, this calcification takes place 
very incompletely, and thus a wide layer of imperfectly 
calcified soft tissue is formed at the growing end of the 
bone. 

A similar abnormality exists in the process of ossifica- 
tion from the periosteum. Here also the zone of vascular 
granulation-tissue from which the bone is developed is 
exceedingly broad, the calcification of the tissue is exceed- 
ingly incomplete, and the bone thus becomes thickened by 
a soft, vascular, and very imperfectly calcified structure. 
As the bone grows the medullary cavity naturally widens, 
and the compact tissue becomes absorbed. This imperfect 
formation of osseous tissue from the periosteum produces, 
therefore, considerable softening and weakening of the 
bone. 

The changes in the bones in rickets thus closely re- 
semble those which occur in the normal process of ossi- 
fication. There is the same change in the cartilage 
cells and in the deeper periosteal layers, but this change 
involves abnormally large areas. The development of 
the young cells and the transformation of the new tissue 
appears also to be more or less incomplete. In many 
parts the young elements do not form perfect bone-cells, 
but simply angidar cells without canaliculi, whilst in 
others the development may be much more complete. 
Various transitions are thus met with between tolerably 
well developed and very imperfect bone-structure, but 
owing to the deficiency of lime salts this structure is very 
imperfectly and very irregularly calcined. 



CHAPTER XXXra. 

inflambOlTION op blood-vessels. 

INFLAMMATION OF ABTEBIE8. 

In Btudying the process of inflammation in arteries, it 
must be borne in mind that the inner coat of these 
vessels is non-vascnlar, the blood-vessels being difltri- 
buted in the external layers. 

Acute and chronic inflammations of arteries are a veiy 
frequent result of coagulation of the blood within the 
vessel (thrombosis). Such inflammations will be con- 
sidered in the chapter on Thrombosis. Independently of 
thrombi, the most acute inflammatory processes in 
arteries are for the most part the results of injuries from 
violence, or of inflammation in adjacent tissues. Here, 
the histological changes are principally confined to the 
external coat of the vessel. This becomes exceedingly 
hyperaemic and infiltrated with small cells, the cellular 
infiltration involving also the middle coat. As a con- 
sequence of these changes in the outer coats the vitality 
of the intima is impaired or destroyed, and when this 
has occurred the blood contained within the vessel 
coagulates. 

Atheroma. — The more chronic forms of arterial in- 
flammation give rise to changes which are most marked 
in the deeper layers of the inner coat, where they produce 
those various alterations in the walls of the vessel included 
under the common term — atheroma. In the earliest 
stage of the inflammatory process the fibrous and elastic 
JamellaB of the innet coafc oi tlaft veaael become infiltrated 
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with Bmall oellB, which are probably partly enugranta, 
and partly derived from the cells of these structures. As 
these cells increase in number they give rise to a swelling 
beneath the innermost layers of this coat of the artery. 
(Fig 86) This swelhng of the mtuna is very charac- 




AthfTOma qf ifn Aorta. Showing the cellular loflltnition 
of the deeper Uyere of the ianer coat, and tho consequent 
internal bulging of the veBBel. The new tissue has under- 
gone more or less fatty degeueratioD. There ia hIeo BOme 
celldlajr InfiltratioD of the middle coat. i. iuternal, m, 
middle, «. external cmt of veaseL x 60, reduced J. 

teristic. It ia, in the earlier stage of the procesB, of a 
soft flabby consistence, and the lining membrane which 
18 continuous oyer it can be stripped off, leaving the 
diseased tissue beneath. It thus contrasts strongly with 
the superficial patches of fatty degenenLtioii^\aOa.Te&^^, 
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from the. fatty metamorphosiB of the endothelial and 
connectiye-tissne cells of the vesseL (See ** Fatty Dege- 
neration of Arteries.") 

The results of the inflammatory process will depend 
npon its severity. If the process be very acute, ilie 
youDg elements accumulate rapidly and infiltrate the 
middle and external coats, so that the walls of the vessel 
become so much softened, that dilatation, aneurism, or 
rupture may eusue. Such acute changes are a conunon 
cause of aneurism. The inflanmiation, however, is usually 
of less intensity and runs a more chronic course, and it 
is only to these more chronic arterial changes that the 
term " atheroma** is commonly applied. 

When the process is less intense and more chronic in 
its course, it leads to various alterations in the wall of the 
vesseL The soft cellular infiltration of the deeper layers 
of the inidma usually undergoes retrogressive changes, 
owing to deficient nutritive supply. These changes com- 
mence in the deeper portions of the new tissue. The 
young cells undergo fatty degeneration, the intercellular 
substance softens, and thus a soft, yellowish, pultaceous 
material may be produced beneath the lining membrane 
of the vessel. This has been termed an atlieromatous 
abscess. The lining membrane may ultimately give way 
and the softened matters be carried away by the circu- 
lation, and thus is produced the atheromataus ulcer. 
In other cases the more liquid constituents of the de- 
generated tissue gradually become absorbed, cholesterin 
forms, and thus a mass, consisting of broken-down fibres 
and cells, fatty debris, and cholesterin crystals, with a 
varying quantity of the original fibrillated tissue, re- 
mains in the deeper layers of the inner coat. (Fig. 86.) 
This may subsequently calcify, and so form a calcareous 
plate. 

In the most chronic forms of the atheromatous process 
there is more or less fibrillation of the new tissue, and 
thus is produced a fibroid thickening of the inner coat of 
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the artery. The organisation, however, is rarely com- 
plete, more or less fatty debris being usually enclosed in 
the fibroid stroma. 

Eespecting.the causes of these chronic arterial inflam- 
mations included under the common term of atheroma — 
they are probably mainly due to over-strain of the vessel, 
the strain exercising a chronic injurious influence. This 
view has been especially insisted upon by Dr. Moxon.* 
It is supported by the fact that those vessels which are 
the most exposed to strain, are the most liable to this 
disease — e.g,, the arch of the aorta ; also by the exceeding 
frequency of atheroma in all those conditions in which 
there is an increase of the blood-pressure. The effect of 
increased blood-pressure as a cause of atheroma is seen 
in the liability of athletes to the disease ; and also in the 
frequency with which it occurs in chronic Bright's disease, 
and in the pulmonary vessels in cases of mitral obstruc- 
tion, &c. The occurrence of atheroma is also favoured 
by syphilis. 

INFLAMMATION OF VEINS. 

Inflammatory processes in veins are more frequent 
than in arteries, but here they are in the very great 
majority of cases secondary to coagulation of the blood 
within the vein (thrombosis), the coagulum exercising an 
injurious influence upon the coats of the vessel. These 
inflammations resulting from thrombosis will be treated of 
in a subsequent chapter. (See " Results of Thrombosis.") 

The inner coat of the veins is, like that of the arteries, 
non- vascular, and hence acute inflammatory changes are, 
for tbe most part, conflned to the external and middle 
coats. Independently of inflammations resulting from 
thrombosis, the lining membrane of veins appears to un- 
dergo no inflammatory changes. 



* '* Lectures on Pathological Anatomy.** Wilks and Moxon, 
2nd Edit., p. 150. 
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Acute and chronic inflammatory processes in veins are, 
as already stated, most frequently due to thrombosis. 
They may also result from violent injury, or from the 
extension of inflammation from adjacent tissues. The 
process, when acute, closely resembles that in the arte- 
ries. The external and middle coats become infiltrated 
with cells, the vitality of the intima ultimately becomes 
impaired or lost, and when this has occurred the blood 
within the vein coagulates. 



CHAPTER XXXIV. 

INFLAMMATION OF THE HEART. 

Inflammatory processes in tlie heart may affect the sub- 
stance of the organ, or the endocardium. They are much 
more frequent in the last-named situation. 

ENDOCARDITIS. 

Endocarditis is for the most part limited to the valves 
of the heart, although it is occasionally met with involving 
more or less of the cardiac cavities. The process is 
almost exclusively confined to the left side of the organ, 
and in the great majority of cases it commences in, and 
comparatively rarely extends beyond, the confines of the 
aortic and mitral valves and the corresponding orifices. 
Further — it is those portions of the valves which come 
into contact in the act of closure, and are thus most ex- 
posed to friction, which are especially involved, and in 
which the changes usually commence. Thus, in the aortic 
valves, it is the convex surfaces of the segments which 
are most liable to be affected, and not the free edge of the 
segment, but the little band of tissue which passes from 
its attached border to the corpus Arantii in the centre 
(Fig. 87) ; and in the mitral valve, the auricular surface 
of the segments at a little distance from the attachment 
of the chordae tendineae. (Fig. 88.) When portions of the 
endocardium apart from the valves are affected, this is 
frequently due, as pointed out by Dr. Moxon, to the irri- 
tation caused by the friction of vegetations or fibrinous 
clots situated on the valves themselves. (Fi^, B^ .\ 
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those more chronic forms of arterial inflammation known 
as atheromatous. The endocardium and inner coat of 
an artery are very analogous in their structure, both 
"being non-vascular, and consisting of a layer of connec- 
tive tissue with an internal endothelial covering. The 
inflammatory process may be acute or chronic. 

Acute Endocaeditis.— If the process be acute, the 
deeper layers of the endocardium become rapidly infil- 
trated with young cells, and as these iocrease in number 
the intercellular substance becomes softened and de- 
stroyed, and thus is produced a soft tissue composed 

Fig. 90, 




Acute Endocarditis. A granulation from the mitral 
valve, showing a fibrinous coagulum upon the surface 
of the granulation, x 10 (Rindfleisch.) 

almost entirely of cells such as always results from 
inflammatory processes in connective tissue. The new 
tissue as it increases tilts up the superjacent endo- 
thelium and projects in the form of minute granulations 
and vegetations upon the surface of the softened valve. 
(See Figs. 87 and 88.) The endothelial elements probably 
also participate in the active process. 

The above changes take place in an almost n on- vas- 
cular tissue, and although there is more or less increase of 
vascularity in the more external endocardial layers, where 
the capillaries are more numerous, there is rarely any 
redness or injection of the endocardium seen after death. 
Neither is there usually any liquid exuded upon the 
surface of the granulations. What was formerly regarded 
as an exuded material, is in the main. (L03b^\i\^lTSlv^\s^^\Aa» 



202 INFLAMMATION OF THE HEART. 

been deposited from the blood npon the roughened bus- 
face of the valve. This deposition of coagulnm frequently 
occurs in endocarditis, the roughened and abnormal endo- 
cardium acts as a foreign body and so caases a deposition 
upon its surface. This must not be confounded with the 
vepft^tations themselves. (Fig. 90.) 

The results of this cellular infiltration vary. If the 
process be very acute the new tissue may break down, 
and thus a loss of substance result — ^an endocardial 
ulcer. This takes place without any accumulation of oellfl 
sufficient to form an abscess, the new tissue simply be- 
coming rapidly softened and disintegrating. In rare 
cases, however, small quantities of pus are found in the 
deeper endocardial layers. The ulcer is irr^s^larly defined, 
and its edges are usually swelled and thickened. This 
vJcerative endocarditis is, however, not frequent, the pro- 
cess usually being less acute. The ulceration may lead to 
perforation of the valve, or to a considerable destruction of 
its substance. Laceration or aneurism of the valve may 
also ensue from the pressure exercised by the blood against 
tlie damaged tissue. Sometimes the ulcerative process 
extends so as to involve the cardiac substance. Ulcerative 
endocanlitis is a grave affection, often giving rise to em- 
bolism, and sometimes to a pyajmic process. 

When the inflammatory process is less severe, as is 
much more commonly the case, the new tissue becomes 
incompletely organised into a fibrillated structure, whilst 
it undergoes, in part, fatty and calcareous degeneration. 
These changes may result in the adhesion of the valves, 
either to one another or to the walls of the heart. They 
always produce permanent thickening , rigidity, and 
shrinl'iiig of their structure. The new tissue may con- 
tinue to grow after the severity of the process has sub- 
sided, and thus are produced the vegetations and papil- 
lary excrescences on the valves which are so commonly 
met with. (See Fig. 89.) These consist of a lowly 
organised tissue, which tends to undergo fatty and cal- 
careous changes. 
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Chronic Endocarditis. — This may be the sequel of 
acute inflammatioii, or the process may from its com- 
mencement be chronic in its nature. In chronic endo- 
carditis the cellular infiltration is much less rapid and 
abundant than in the acute form ; the intercellular sub- 
stance consequently becomes much less softened and 
destroyed, and the new tissue has a much greater ten- 
dency to become developed into a fibrillated structure. 
The result of these chronic processes is therefore to pro- 
duce 2^ fibroid thickening of the endocardium, and so to 
cause considerable induration and contraction of the 
valves or valvular orifices. The new tissue sometimes 
forms papillary growths on the valves, which undergo 
partial fatty and calcareous changes. (See Fig. 89.) 

MYOCARDITIS. 

Myocarditis, or inflammation of the cardiac substance, 
is much less frequent than the preceding. Intense and 
concentrated inflammations leading to the formation of 
abscess probably occur only as the result of a pysemic 
process. Less intense and more diffuse forms of cardiac 
inflammation are also not unfrequently met with in asso- 
ciation with pericarditis, and, less commonly, with endo- 
carditis. Here the inflammatory process appears, by 
extension, to involve the immediately adjacent muscular 
layers of the organ, which are found infiltrated with 
small cells, the fibres themselves being softened and 
granular. 

In addition to the above, a form of myocarditis must 
be recognised in which the substance of the heart becomes 
more generally involved. In certain cases of acute rheu- 
matism the muscular tissue of the heart is found after 
death swollen, softened, opaque, and occasionally faintly 
mottled with slightly yellowish patches. When examined 
microscopically, the fibres are seen to have lost their 
striation and to be finely granular, their nuclei are large 
and prominent, and small cells axe ^ouxA va. ^^tycsi'^ 
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number* infiltrating tha intemraBcnlar tiesne. (Kg. 81-) 
I ha7e met with tlieae appearances in two or three cum 
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of acute rheumatism, and they ■anxat, I think, be regarded 
aa evidence of the eiietence of an acute inflammatory 
proceea. The change is most marked in the left Tentricle, 
and it is uanally associated with endo- or pericarditis. 
It is a grava complication of acute rheomatism, and pos- 
sibly of some other diseases, and is probably more frequent 
than is generally supposed. 

Fibroid IsDiiRiTiow of the Heabt. — This, a com- 
paratively rare condition, is probably, in most cases, a 
result of myocarditis. The change is chara«terised hy 
the development of a fibrillated tissue between the 
muscular elements. The process commences in the 
intermuscular septa around the blood-vessels. This 
becomes infiltrated with small cells, which tend to become 
developed into & fibrills.^*! 6\.ractaH«, tPig. 92.) The 
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growth of new tiasne gradoiJIj extends between the 
btmdleB of muscular fibres, so that nltimatelj each fibre 
maj be surrounded hj a tract of dense fibroid tissue. 




FBimid Jndaration qf IKe Seart, A thin secOon from 
the wall of the left venlriolB, showing the BmRlI-eellBd 
growth in the inteimuacular septa oroaiid the blood- 
vesaelB. a. a. veasels. X 200. 

(Fig. 93.) The muscular fibres themselves, owing to the 

resulting interference with their nutritive supplj, atrophy, 

Fia. 98. 




FOroidlndicFaihn of the Heart, A gaction from the left 
ventride of the aame heart as Fig, 92, showing a more 
adrnDced stage. The fihroid tissue surrounds the in- 
dividnai muauulsr fibres, which ore undergdog fatty- 
degenentioo. x 200. 
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undergo fatty metamorphosis, and are gradually replaced 
by the fibroid growth. (Fig. 93.) Very frequently thB 
cellular nature of the growth, which I believe to chano- 
terise the earlier stages of its development, is not seen, 
the new issue being simply fibroid.* 

Fibroid induration of the heart appears in most cases 
to be induced by inflammatory processes commencing in 
the ];>eri- or endocardium. When secondary to peri- 
carditis, the change is usually most advanced in the more 
external portions of the cardiac walls, and it commonly 
affects both the right and left ventricles. When, on the 
other hand, an endocarditis is the precursor of the indu- 
rative process, the change is more marked in the internal 
muscular layers, and inasmuch as inflammatory processes 
in the endocardium occur almost exclusively in the lefli 
cardiac cavities, the left ventricle is principally involved. 
In other cases the fibroid growth appears to be the resolt 
of syphilis. (See " Syphilis.") 

Although the growth of new tissue is thus usually 
more advanced in certain portions of the muscular walls 
than in others, it is by no means uniformly distributed. 
In some parts it may be very dense, the muscular fibres 
being entirely obliterated, whilst in others it is entirely 
wanting, and the muscular elements present a normal 
appearance. 

Fil)roid induration of the heart — excluding that result- 
ing from syphilis — appears to occupy the same patholo- 
gical position as similar fibroid changes in other organs— 
e,g.j in the liver and kidneys. It must therefore be 
regarded as the result of a chronic inflammatory process, 
which might be termed chronic myocarditis. Its efiect 
must evidently be to interfere very materially with the 



* Dr. Hilton Fagge, in a scries of eleven cases of fibroid disease 
of the heart, found that cellular elements in the new growth were 
almost invariably absent. (See " Trans. Path. Soc. Loud.," vol. 
XXV. p. 64.) 
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motor power of the organ, and it consequentlj constitutes 
one of the most grave of all cardiac diseases. 

The cardiac walls may become much thickened by the 
new growth, and the induration of texture is often very 
considerable. In the specimen &om which the accom- 
panying drawings were made, the disease was apparently 
secondary to an endocarditis, and the walls of the left 
-ventricle were so hard that they cut almost like a piece 
of tendon. 



CHAPTER XXXV. 

INFLAMMATION OF LYMPHATIC STEUCTUEES. 

Inflammatory processes in lympHatic stmctares nsnally 
result from their injury by substances conveyed to them 
by the lymphatic vessels. They include — acute and 
chronic inflammations, and the specific inflammation 
associated with Typhoid Fever. Each of these must be 
considered separately. 

ACUTE INFLAMMATION OF LYMPHATIC STRUCTURES. 

Examples of acute inflammation of lymphatic structures 
are furnished by the inflammation of the glands in the 
axilla from a wound on the hand, of the glands in the 
groin from gonorrhoea, and of Peyer's and the solitary 
glands in the intestine from inflammation of the intestinal 
mucous membrane. 

The process consists in a hyperaemia of the gland to- 
gether with a rapid increase in the number of the lymph- 
cells. This increase is probably due, partly to a hyper- 
plasia of the original cells of the gland, and partly to 
the migration of blood-corpuscles. The cells not only 
increase in number, but many of them become much 
larger in size, and their nuclei multiply. The cells of the 
trabeculaB also participate in the active process. The 
increase in the size of the elements and the multipli- 
cation of their nuclei usually leads to the production 
of some larger cells containing three or four nucleL 
These have been already alluded to as being frequently 
met with in lymphatic structures which are undergoing 
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active processes. (See Fig. 37.) Owing to these cliangee 
the gland becomes considerablj incretiBed in size, soft and 
pnlpy in consistence, and its cortical and medullary 
parte are no longer distinguishable. 

tXpon the removal of the injurious i^flnence the process 
maj gradaaUj subside, the new elements undergo dis- 
integration and absorption, and the gland returns to its 
normal condition (Eesolntion). In other cases the process 
goes on to supporation, the trabeculs are destroyed, 
many of the cells become disintegrated, and the loculi of 
the gland become filled with pas. This is asaallj asso- 
ciated with iuflammatiou and snppnratioii of the snr- 
Tonnding connective tissue. In the glands of a mucous 
membrane the process gives rise to nhat is known as a 
follicular abscess. 

CEBOHIC mrLiXKiXIOS 01 LTUFHATIC STBUCIUBES. 

Chronic inflammations of lymphatic structures result 
from injuries which are less severe and more prolonged 
in their action than those which give rise to the acute 




of a I^im^aHe Oland. 
if the lymphoid 

form. The resnltiug cellular infiltration of the gland is 
consequently a more continuous one, and the gland be- 
comes more or less permanently increase ii^ wax., Toft 
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reticulum is also considerably involved. These cliioilic 
inflammatory processes differ from the acute, inasmucli 
as they lead to a gradually increasing development of the 
reticular structure of the gland. The reticulated network 
becomes thicker and more fibrous, its meshes become 
smaller and smaller, the lymph-cells diminish in number, 
and thus the gland becomes hard and fibrous in consis- 
tence. (Fig. 94.) 

8crofulou8 Glands. — ^In those chronic inflammationB of 
the lymphatic glands which occur in scrofulous subjects, 
and in which the glands tend to become caseous, the 
changes resemble those which have been already described 
as characteristic of scrofulous inflammation. (See " Scro- 
fulous Inflammation.") The cellular infiltration is con- 
siderable, thei*e is but little tendency to absorption, and 
many of the cells increase in size, and even form mnlti- 
nucleated elements. The gland thus becomes enlarged, 
soft, and elastic in consistence, and of a uniform greyish- 
white colour. Owing to the obstruction to the circulation 
caused by the pressure of the cellular infiltration, the 
gland undergoes retrogressive changes and becomes case- 
ous. The caseous material may subsequently liquefy, or 
become infiltrated with calcareous particles. Many caseous 
lymphatic glands are tuberculous. (See " Tuberculosis of 
Lymphatic Glands.") 

INFLAMMATION OF LYMPHATIC STRUCTUKES IN 

TYPUOID FEVER. 

The inflammatory processes which occur in the lym- 
phatic structures in Typhoid Fever, have their seat in the 
spleen, in the lymphatic structures of the intestine, and 
in the mesenteric glands. 

The Spleen. — In the spleen the change resembles that 
which occurs in many of the other acute febrile diseases, 
although it reaches its maximum in typhoid. The splenic 
tissue becomes exceedingly vascular and the lymphatic 
elements increase ra.p\d\^ mT5.\Lmber, so that the organ 
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often attains two or three times ita natural aize. Many 
of tbe nevi elements enter the blood, thvs causing a slight 
temporary increase in the nnmber of white blood-corpns- 
cles. As the fever Buheides, the hjpenemia diminiehee, 
many of the new elements undergo disintegration and ab- 
sorption, the remainder enter the blood, and thns the organ 
again attains its normal characters and dimensions. 

The Intestinal I/ymphatic 8tructwrea,—lt is in the 
Bolitary and Peyer's glands that the most characteristio 
changes take place in typhoid fever. These strnctnrea 
may be involved thronghout the whole of the small and 
large intestine, bnt in most cases the process is limited to 
those in the ileum and caecum ; and those glands are 
always the raont affected which are situated the nearest 
to the ileo-cecal valve. 

The primary change here consista in a hypenemia and 
cellular infiltration of the glands. Many of the cells 
increase considerably in size, so as to form the multi- 
nucleated elements already alluded to. Both Peyer's 
patches and the Holitary glands thus become considerably 
enlarged and prominent, standing up above the surface 

PiQ. 95. 
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of the intestioe. (Fig. 95.) They are of a greyish-white 
or pale reddish colour, and of a soft, brado-\ika wiiaSa\»,\iw.. 
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The BniToaa^iDf; maooas membrane is also excee^ngl; 
TOBcnlar, anil is the seat of an acute catarrhal pmceu. 
This catarrh is more or less general, and asnallj precede 
the Bwelling of the glands. The cellular mtUtiatioii, in 
mauj parts, rapidly extends bejoad the confines of the 
glanild into the immedlatelj snrroandiug and aabjuent 
tisHUL'S, and even in some cases into the mascalar coat- 

The process now passes into the second stage— that of 
the death and disintegration of the newly formed iiame. 
This may terminate in varioas ways. The enlai^ 
glands, many of them, subside, the new elements become 
disintegrated and are absorbed, and the gland thns im- 
dergoea a gradual process of reaoliilion. In. others, the 
individual follicles of the gland rupture, discharging thdr 
contents eitcmally, and the patches then acquire a pecn- 
Uar reticnlated appearance. The most characteristie 
termination, however, of the typhoid process, ia the sepa- 
ration of the dead tissue as a slongh, and the formation 
of the typhoid ulcer. 

The process of sloughinf; and ulceration may, like the 
cellular infiltration, take place uniformly throughout the 
whole glanJ, in which cass th« 
'"■ ' whole mass is thrown off, leav- 

f *- •^ ing an ulcerated surface cor- 

responding in size with that 
of the gland. (Fig. 96.) Jlore 
,, commonly, however, in the 

^ •?!_"- J*' patches, the sloughing com- 

I.' *-pMai';f"*^ mcnces in different portions of 

I'. I the patch, and small irregular 

"" losses of Hubataucc result, which 
A lupiim^ij^u-^roftiui ^^^ gradually extend until 
they form one largo nicer. 
Although, as already stated, the cellular infiltration 
may extend beyond the confines of the glands, this is 
rarely the case with the ulceration. The peripheral infil- 
tration undergoes resolution, and hence the ulcers have 
thesameoonfiguraUonaatlieoriginal glands i those origi- 
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nating from tlie patches being oval, witb. tbeir long dia- 
meter in the direction of the gnt ; and those originating 
in the solitary glands being spherical in shape. In rare 
cases, when there is mnch infiltration of the surrounding 
mucous membrane, the ulceration may extend slightly be- 
yond the confines of the glands. 

With the sloughing and disintegration of the new tissue 
the process of infiltration ceases, and hence there is no 
induration or thickening of the base or edges of the 
ulcer. The base is smooth, and is usually formed of the 
submucous or muscular coat of the intestine. The edges 
are thin and undermined, and consist of a well-defined 
fringe of congested mucous membrane. (Fig. 97.) This 




A typhoid Ulcer of the Intestine {diagrammatic). Show- 
ing the undermined edges of the ulcer, and the slough still 
adherent, a. Epithelial lining. 6. Submucous tissue. 
c. Muscular coat. d. Peritoneum, 

is best seen when the gut is floated in water. In some 
cases, however, the sloughing extends deeper through the 
muscular layer to the sub-peritoneal tissue, and it may 
thus cause perforation and peritonitis. 

The third stage of the process is that of cicatrisation. 
This takes place by the resolution of the peripheral infil- 
tration, the approximation and union of the undermined 
edges with the floor of the ulcer, and the gradual forma- 
tion from the margin of an epithelial covering. The 
gland-structure is not regenerated. The resulting cica- 
trix is slightly depressed, and less vascular than the 
surrounding mucous membrane. There is no puckering 
or diminution in the calibre of the gut. In some cases, 
however, cicatrisation does not take place so readily, and 
the floor of the ulcer becomes the seat of a secondary 
ulceration. This usually takes place after the general 
disease has run its course, or during a relapse. Profuse 
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omnxccrimizie ami ptsc&nstmiL inoEe- comusoolj result from 
ziin ^kitiiiminxvr nJiiwrnJiiun ii&tuL &Qm. 1^ pnmazj akragbiog 

r^/tj Jf f.f(mw»r>4r (*^APndA.: — Th& c&suige m the mesenteric 
^jiuuiii i» pp}t}aJ>l5 ifKumLsTj to tlbit m tlie intestiiie. 
T!itft» ^ciuniii biicumif thtt ^s&aii of an ftcnte eeHular infil- 
ttrxfiii^iu i.nif ajK tmLurgutL ^iH*^ &mi Tascolar. They 
xatFiollT. F^lb* mikZLT of tihtf gliuiAL} in the intestine and the 
i^iiftui. izatitfir^ Ji gruAlnstl pcocess of resolotion. In rare 
csteiti^ bow^f^nir. zbit «Kiipi»zLe- of the gland is destroyed, 
ami tmte iodtMXisii mainier^ mnj escape into the peritoneal 
ckTtirr and jq takaant pesitonitLS^ The enlarged glands 
maiT alia b^ooou cfc8WHii»> aisii subsequently calcify. 



CHAPTER XXXVI. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucous membranes inflammatory processes are di- 
vided into catarrhal, fibrinous, and croupous, inflamma- 
tions. 

Catabkhal Inflammation. — Catarrhal inflammation, 
or as it is more commonly called catarrh, is mncli the 
more frequent. In its milder forms this is characterised 
mainly by an increased secretion of mucus. The initial 
hyperaemia of the membrane is followed by an abnormal 
production of epithehal and mucous elements. The liquid 
which transudes from the blood-vessels is more abundant, 
the small spherical cells which constitute the mucus- 
corpuscles are produced with increased rapidity, and the 
result is an increased secretion of mucus, rich in cellular 
elements. These young cells are most of them emigrant 
blood-corpuscles, others are produced within the epithe- 
lial cells by endogenous multiplication. As the process 
continues, many of the epithelial elements become 
loosened and are discharged with the mucus, and within 
these groups of bodies may occasionally be seen, which 
are evidently young mucus-corpuscles. (Fig. 98.) The 
secretion of the mucous glands is also increased. Owing 
to these changes, the mucous membrane becomes swelled 
and abnormally vascular. The increased vascularity is 
evidenced by redness during life, but after death the 
blood usually passes out of the vessels, and the mem- 
brane may look paler than naturaL 

If the inBammaUon be more Bevexe) &<& N^J&^'oNas ^^^- 
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IisBmorrhage and perforation more commonly resnlt from 
the secondary ulceration than from the primary sloughing 
of the glands. 

The Mesenteric Glomda. — The change in the mesenteric 
glands is probably secondary to that in the intestine. 
These glands become the seat of an acute cellular infil- 
tration, and are enlarged, soft, and vascnlar. They 
usually, like many of the glands in the intestine and the 
spleen, undergo a gradual process of resolution. In rare 
cases, however, the capsule of the gland is destroyed, 
and the softened matters may escape into the peritoneal 
cavity and so cause peritonitis. The enlarged glands 
may also become caseous, and subsequently calcify. 



CHAPTER XXXVI. 

INFLAMMATION OF MUCOUS MEMBRANES. 

In mucoiis membranes inflammatory processes are di- 
vided into catarrhal, fihrmous, and crotipovs, inflamma- 
tions. 

Catakbhal Inplammatiok. — Oatarrlial inflammation, 
or as it is more commonly called cata/rrh, is mucli the 
more frequent- In its milder forms this is characterised 
mainly by an increased secretion of mucus. The initial 
hyperaemia of the membrane is followed by an abnormal 
production of epithelial and mucous elements. The liquid 
which transudes from the blood-vessels is more abundant, 
the small spherical ceUs which constitute the mucus- 
corpuscles are produced with increased rapidity, and the 
resxdt is an increased secretion of mucus, rich in cellular 
elements. These young cells are most of them emigrant 
blood-corpuscles, others are produced within the epithe- 
lial cells by endogenous multiplication. As the process 
continues, many of the epithelial elements become 
loosened and are discharged with the mucus, and within 
these groups of bodies may occasionally be seen, which 
are evidently young mucus-corpuscles. (Fig. 98.) The 
secretion of the mucous glands is also increased. Owing 
to these changes, the mucous membrane becomes swelled 
and abnormally vascular. The increased vascularity is 
evidenced by redness during life, but after death the 
blood usually passes out of the vessels, and the mem- 
brane may look paler than natural. 

If the inflammation be more severe, the ya.^cwLax ^\^<^> 
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nomena un more marked, &a prodaotiEin of joiag 
elementfl is more rapid, they ^ea ""■■><^ and not lo nil 




b. Sub-epithelial coniieotlTetlBiae. SbowingtliBpndilen- 
tiOQ ol the epithelium, and the origin td the jomig niaawmt^ 

within the epitheli&l celli. (fflndaeiBoh.) 

developed, the epithelium looeens and folia off nune 
readily, and the secretion becomes pnriform from the 
great nnmber of cellular elements which it containB. 
Many of these elements are indiatin^iiiBhable from poB- 
corpuscleB, others are somewhat larger and resemble the 
corpuBcles o£ normal mucus. Between the oorpnscleflof 
mucus and pus there is no line of demarcation, the one 
passiug bj inaensihle gradations into the otiier. The 
former are somewhat larger and more regular in shape 
than the latter, and nsnally contain only a single nndeiu. 
As the process continues the snb -epithelial tissne is gra- 
dually involved, and becomes infiltrated with amoll cells. 
Owing to the loss of epithelium, the Horfaca of the 
membrane may at the same time become more or leea 
irregular, and present numerous irregular abradona or 
ulcers. 

These changes io the mncons membrane itaelf an 
accompanied by inflammation of the lymphatic atractnna 
whjcb it containe. T^eVyni.'^V&iUiolea become enlarged. 
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Their contents may soften and form a minnte psendo- 
abscess, and tliis bursting gives rise to a small nicer. 
These are the follicular nlcers so often seen in catarrhal 
conditions of the intestines and pharynx. The ulcera- 
tion in some cases extends beyond the confines of the 
follicle. The proper glandular structures may also 
become involved. Their epithelium multiplies, the glands 
become choked with the epithelial elements, and they 
may subsequently atrophy. This is seen in catarrh of 
the stomiach. 

The acute process may quickly subside, or it may 
become chronic. In the latter case the vascularity 
diminishes, but the multiplication of the epithelial ele- 
ments continues, and the sub-epithelial tissue becomes 
more extensively infiltrated with small cells. The mucus 
thus becomes thicker and more puriform in character. 

Chronic catarrhal inflammations of mucous membranes 
differ from the acute, inasmuch as the sub-epithelial 
connective tissue is much more extensively involved. 
This tissue becomes infiltrated with small elements, 
which may ultimately form a more or less completely 
fibriUated structure. The membrane thus becomes in- 
durated and thickened, and the pressure exercised by 
the new tissue may induce atrophic changes in the glan- 
dular structures which it contains ; by preventing the 
exit of their secretion it may also cause them to dilate so 
as to form cysts. This atrophy of the proper glandular 
structures is seen in chronic catarrh of the stomach. 
These changes in the sub-epithelial connective tissue are 
usually accompanied by enlargement of the lymphatic 
structures, an enlargement which sometimes gives to the 
membrane a nodular or granular appearance. This is 
well seen in the pharynx (follicular pharyngitis). The 
enlarged lymphatic structures may also constitute the 
starting-points of an ulcerative process. (See "Tuber- 
culosis of Mucous Membranes.") In some situations, as 
the stomach and intestine, the membrane often at the 
same time becomes deeply pigmented. 
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Fibrinous akd Gboufous Ihflamications. — ^The terms 
fibrinous and cronpons, as applied to mflamxnationB of 
macoas membranes, have in this country usually been 
regarded as synonymous, and have been employed to 
designate those inflammations which lead to the produc- 
tion of a so-called false membrane — such as is seen, for 
example, in true croup. According to Dr. E. Wagner, 
and some other continental observers, however, fibrinous 
and croupous inflammation must be regarded as consti- 
tuting distinct varieties. Fibrinous inflammationB are 
those intense forms of inflammation in which the exoded 
inflammatory liquids contain a large proportion of 
coagulable material, so that they form a kind of mem- 
branous layer. They occur as the result of severe 
injuries of the mucous membrane, such as are occasionally 
met with in children from attempts to drink out of a 
vessel containing boiling water. Croupous inflammations, 
on the other hand, according to these observers, are 
characterised mainly by a peculiar metamorphosis of the 
epithelial cells, which become enlarged, and are then 
converted into a kind of fibrinous material. They occur 
in croup and diphtheria. This distinction between fibri- 
nous and croupous inflammation, however, has at present 
met with but partial acceptance in this country. The 
two appear to be closely allied ; and the formation of the 
membranous layer is probably often due partly to the 
coagulable inflammatory liquids, and partly to mucoid, 
or to some similar metamorphosis of the epithelial 
elements. 

CROUP. 

In croup, the inflammatory process at its commence- 
ment is simply a severe catarrhal one, consisting in an 
increase in the vascularity of the membrane, together 
"with an exudation of liquor sanguinis and blood- 
corpuscles, and proliferation of the epithelial elements. 
This is quickly followed by the production of a mem- 
branous layer upon, th^ surface of the tissue, usually 
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known as the false Tnembrane. This membrane varies 
considerably in consistence, being in some cases firm and 
tough, in others soft and pnltaceous. It can readily 
be removed from the subjacent tissue, and after its re- 
moval, the mucous membrane is left partially deprived 
of its epithelium. If the inflammatory process subsides 
the epithelium is reproduced and the part returns to its 
normal condition ; but if it continues, a fresh false mem- 
brane is formed. As the inflammation extends down- 
wards into the trachea and bronchi, a gradual transition 
may usually be observed from croupous to catarrhal in- 
flammation. In the upper part of the air passages, 
where the process is most intense, the false membrane 
exists, but in passing downwards, where it becomes 
less severe, the mucous membrane is simply coated with 
mucus. 

Respecting the nature of the false membrane, as already 
stated, opinions differ. When examined microscopically, 
it is seen to consist of a finely flbrillated and delicate 
network of homogeneous material, enclosing in its meshes 
numerous leucocytes and epithelial cells. This flbrillated 
network has been commonly supposed to be produced by 
the coagulation and flbrillation of the inflammatory 
exudation liquids, but according to Wagner and others 
it is mainly due to changes in the epithelium. The 
smaller cells which are enclosed in its meshes are doubt- 
less principally escaped blood-corpuscles; the larger 
epithelial elements, which are much less numerous, are 
those belonging to the mucous membrane. 

Micrococci appear to be constantly present in the 
croupous membrane, and also in that of diphtheria. 
They are usually found as colonies of globular organisms 
in the upper layers of the membrane. Whether they 
are essential or merely accidental is at present uncertain. 
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mPBXHIBIA* 

It is impoBsible in most cases to draw aaj Hue of 
demarcatioii between the histologiGal changes occ ur i iBg 
in diphtheria and those of croup, and it innst be bqineiB 
mind that bj many these diseases are regaided u 
identicaL In diphtheria, however, there is often soms 
cellnlar infiltration of the snbmnoons tissoe^ and the 
false membrane is less readily remored. The oiicnlataoiL 
also sometimes becomes so mnbh interfered with, ihafc 
portions of the tissue lose their vitality, and huge ash- 
coloured sloughs are formed, which after removal leave a 
considerable loss of substance. 

I^TBXNTBBY. 

The inflammatory processes occurring in the intesiame 
in dysentery are for the most part limited to the huge 
intestine, although the ileum is also occasionally involved. 
The inflammation is always most marked in the rectum 
and descending colon, and it may be stated generally, 
that it is characterised by the ulceration and sloughing 
of the membrane to which it gives rise. 

The intestinal changes vary considerably, dbcording to 
the intensity of the inflammatory process. In the milder 
forms of the disease the changes are most marked on the 
summits of the folds of the mucous membrane. These 
are found covered with a greyish- white layer of fibrinous- 
looking material, which, when scraped off, leaves a 
superflcial loss of substance. The mucous membrane 
generally is hyperasmic and softened. The submucous 
tissue is also infiltrated with inflammatory products, and 
the solitary glands are enlarged and prominent. 

When the process is more severe, the submucous tissue 
becomes more extensively involved, and the superficial 
layer of fibrinous material extends over wider areas and 
implicates more deeply the mucous membrane. The 
thickening of tlie intea^AnsJL ^^JH^ however, is much greater 
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in some parts than in others, so that projections are pro- 
duced upon the inner surface of the intestine, corre- 
sponding with those parts which are the most affected. 
The enlarged soHtary glands usually slough, and so give 
rise to circular ulcers, which rapidly increase. When the 
process has reached this stage, the muscular and serous 
coats are implicated, the latter being covered with layers 
of fibrin which form adhesions with adjacent parts. The 
intestine is much dilated, and contains blood and disin- 
tegrating^ inflammatory products. 

In the most intense forms of the disease, the necrosis is 
more extensive. According to Rokitansky, large portions 
of the mucous membrane are converted into black rotten 
sloughs. The submucous tissue is infiltrated with dark 
blood and serum, but subsequently it becomes the seat of 
a reactive suppurative inflammation, by means of which 
the necrosed portions of tissue are removed. 

If death does not occur and the inflammatory process 
subsides, the ulcers may gradually heal. When the loss 
of substance has not been considerable, the edges of the 
ulcers may, by the contraction of the submucous tissue, 
become completely approximated. More commonly, 
however, the loss of substance is so great that portions 
of the meillbrane are left, consisting simply of connective 
tissue. 

When the inflammatory process becomes chronic, the 
changes in the submucous connective tissue become more 
marked, and the new fibroid growth gives rise to con- 
siderable thickening and induration of the intestinal wall, 
and to more or less contraction and narrowing of the 
cavity. Sometimes it forms fibrous bands which project 
into the gut. The formation of abscesses and fistulous 
passages occasionally occurs in the thickened intestinal 
walL 



CHAPTER XXXVII. 

INFLAMMATION OF SEROUS MEMBRANES. 

Inflammatobt processes in serons membranes vary in 
their intensity, and in tlie amount and character of the 
effusion. 

The process commences, as in mncons membranes, 
with hypersemia,' exudation of liquor sanguinis and emi- 
gration of blood-corpuscles, together with increased 
activity of the endothelial elements. The endothelial 

Fig. 99. 




Inflamed Epiploon of a Rabbit. Showing the 
endogenous proliferation of the endothelium. 
X 250. (Comil and Eanvier.) 

cells enlarge and become more granular, their nuclei 
divide, and new elements are formed by endogenous 
multiplication. (Fig. 99.) The number of new cells 
which are thus produced, together with some of the 
older cells, and a laxge^ nMxabe-T of emigrant blood-cor- 
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pnsdes, escape with tlte einded liquor saugniuia into 
the seroQB cavity, where they may probably continiie to 
exhibit their formatlTe activity. 

Owiog to these changes the membrane losee its natural 
smooth and gUetemng appearance, and becomes opaque, 
roughened, and esceedingly vascnlar. Its snrface at the 
same time becomes covered with a fibrinooa layer, and 
more or less liqnid transudes into its cavity. The 
ooagnlable material which exndes from the vessels forms 
a soft, elastic, membranous, or reticulated investment, 

Fio/lOO. 



•MM 



Titfiran-mation of Oa Diap^ragraalie Pleura, Show- 
ing the adherent fltH^uons layer, a. Masonlsr ooat al 
diaphiBgm. b. Sub-serous tissue, c. Serous mem- 
brsne. e, Fibrinona layer, x 400. (Ebndfleisch.) 

enclosing in its meshes numerous small celle. This 
either glues the two surfaces of the membrane together, 
or, if they are separated by liquid effusion, fonne a 
slightly adherent layer. {Fig. 100.) The eiuded liquid 
varies considerably in amount and is always turbid, 
thus differing from non-inflammatory effusions. It con- 
tains flakes and masses of coagulated fibrin and innu- 
merable cell- structures, the latter being in the earliest 
stages of the process almost entirely emigrants. 

"Die nature of the subsequent changes will depend upon 
the intensity of the inflammation, and apoo. ti^ uoi'^'iisii. 
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I ;^'l:^r 



of liquid exuded into the leroas eavifef • If flie iiiflaii* 
matory proceas eabndee, and the liquid etoded is not 
Buffident to prevent the two luilueB ot the memlmia 
from coming inta oontaotk they grow together end finm 
an adhesion. This constitates the so-oaHed adhmm 
inflammaHan. The union is effected by the fonnation of 
oonnectire tissue. The small round cellfl imbedded in tib 
fibrinous layer beoome elongated and spindle-shapedt the 
fibrinous material fibrillates, and numerous newTSssek 
are formed. Many of the latter atrophy and disappflsr 
as the organisation becomes complete. The prooesB is 
thus precisely similar to that which taikee plaoe in the 
union of an incised weund. It is probable alao that in 
some cases union may take place without the interrentioa 
of any fibrinous layer, by tiie formation and growing to- 
gether of irregular papfllaiy outgrowtha from the snb- 
endothelial tissue. 

If, however, the inflammatory process ia severe, or tin 
surfaces of the membrane are separated by a large qusa- 
tity of liquid efPusion, organisation and adhesion cannot 
be thus readily effected. If a large quantity of liquid 
exists in the serous cavity, the removal of this becomes 
necessary before union can take place. If the inflamma- 
tory process continues, or its severity is great, union is 
prevented by the formation of pus. These two conditions 
must be considered separately. 

The existence of a large amount of effusion interferes 
with the adhesion of the serous surfaces, and before this 
can be effected the absorption of the L'quid becomes 
necessary. In some cases this occurs very rapidly, and 
it is probably greatly facilitated by the new blood-vessels 
which are produced in the fibrinous layer. Frequently, 
however, the process is more prolonged, and the sub- 
endothelial connective tissue becomes involved before ab- 
sorption takes place. When this is the case the connec- 
tive tissue of the serous membrane becomes infiltrated 
with small cells, which form a granulation-tissne beneath 
the layer of proliferating endothelium. The endothelium 
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itself gradually becomes less abnndant, and the fibrinous 
exudation undergoes fatty changes and liquefies. The 
new granulation-tissue becomes exceedingly vascular from 
the formation of numerous blood-vessels, and if the in- 
flammation subsides, it gradually develops into connec- 
tive tissue, and thus a false membrane is formed, rich in 
vessels, which takes the place of the endothelial layer. 
As the liquid is absorbed, the two surfaces of the mem- 
brane come into contact and grow together, the new 
vessels becoming gradually obliterated. 

If the inflammatory process does not subside, or from 
its commencement is of considerable severity, it may be 
attended by the formation of largjB quantities of pus. In 
this case the emigration of btood-corpuscles is so con- 
siderable that the young elements exist in large enough 
numbers to give to the exuded liquids a purulent cha- 
racter. The condition is then termed empyema. As the 
connective tissue becomes involved and a granulation- 
tissue is formed, this may continue to generate pus like 
an ordinary granulating wound. If the pus be removed, 
the suppuration may gradually cease, the granulation- 
tissue develop into a fibrous structure, and the union 
of the serous surfaces thus be effected. The serous 
membrane becomes greatly thickened, and the new tissue 
undergoes considerable contraction in the process of its 
organisation. 



CHAPTER XXXVIII. 

INFLAMMATION OF THE LIVEB. 

iNPLAmcATOKT processes in the liver are either acute or 
chronic. Acute inflammations, leading to snppnratioD, 
are nsnally infective in their nature, resulting from the 
transmission of infective materials from inflammatory 
lesions in the abdominal organs or in other parts. The 
processes are consequently most frequently disseminated 
and confined to small portions of the hepatic substance. 
The pus-corpuscles — which usually accumulate so as to 
form an abscess — are almost entirely emigrants, although 
recent investigations render it highly probable that they 
may also originate by the endogenous proliferation of the 
liver-cells. 

These suppurative inflammations are in the majority 
of cases pyaemic, and when pysemic they are usually mul- 
tiple. Hepatic abscess is also not unfrequently, in tropi- 
cal climates, associated with dysentery. Here the abscess 
is commonly single, and it probably results from the ab- 
sorption of infective substances from the diseased intes- 
tine. As other causes of hepatic abscess must be men- 
tioned, inflammation of the bile-ducts, such as sometimes 
results from gall-stones, &c. ; and external violence. 

Chronic inflammatory processes in the liver, being of 
much less intensity, lead to a gradual increase in the 
connective tissue of the organ, and consequently to indu- 
ration and to the subsequent atrophy of its proper struc- 
ture. They constitute what is known as interstitial 
hepatitis, or more conmioTiX^ ^^ c-vvTKosxfi. 



CIEEHOSIS OP THE irvlH. 

CirrlioBis of tiie Kver, or interetitial hepatitiB, is charac- 
terieed bja gradaal increase in the connective tissue of the 
orga,n and bj the sabseqnent atrophy of the liver-cells, so 
that when extunined with a low magnifjing power, the 
acini are seen to be separated bj broad tracts of new in* 
terstitial growth, (Fig. 101.) 

Pio ini 




OrrAoaia (jT tit Liver. Showing the growth of eon- 
naodve tissue between the hepatic lobules, a. Lobnlea. 
b. New growth of interlobular cotmeotiye tissue, x 16, 

The process nsuallj commencea in the connective tissue 
surrounding the smaJter branchea of the portal vein, and 
gradaaJlj extends to that surrounding the larger ones, 
until ultimately the connective tissae throughout the 
wiiole organ may become involved. This tissue becomes 
infiltrated with small round cells, from which are pro- 
duced a more or less completely fibrillated structure, coa> 
taining in the earlier stages of its development uumerous 
new blood-vesselB, which are supplied by branches of the 
hepatic artery. The change is sometimes uniform, but 
more commonly it ie much more advaac«d m ^'m.'ft "^a^ia 
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tiMa IB vSban. In aaaj plaoes tite new tiMiiA nndili 
fthiMwt «iitiititr of <»I1>> wlulst in Miam Uie fibnlUin 
u mndi Btora maiksd; uid if Uw proo o — laato bag 
enoiii^ fba vuoolar and liohlj-aeniilnr growth gm- 
dullj unuDM tlM ehnAeten of dentiiaini iamaa, tki 
Touela «t tha Mme time beeoming obliteimtad. (8n 
Fig. 84.) 



v^^^l^ 




Ibt aew proinh of conoecbTe tiwno, uid the way n 
nhicli It involved the tntoreellalar notwor^ &Dd c&dmS 
atruph; of the livw-csllB " 200 

The effect of the new growth ib nltmtatelj to canK 
atrophy of the hepatic cells and to obstruct the circnli' 
tioD through the portal ciipillartes and the passage oi hk 
through the hile-dncte. This effect ia materially increawd 
hj the process of contraction which the new tisatie TlDde^ 
goes. The hepatic cells in the outer zone of the lobnla 
are the first to atrophy ; the new tisaae ineiniiatiiig itaeU 
between them, so aa to gradaally involve the iutercellnlv 
network. (Pig. 102.) The cells then become amaller and 
undergo fatty metatnorphoBis ; and nltimatelj the; aic 
completely deatroyed. Thoae in the central parte of tii 
lobule are in Van ea.t\i» ^ai^eft Wi UUle altered, altium^ 
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they are often stained with hile. As the growth extends, 
however, these also hecorae annihilated, and the whole 
lobnle may be replaced by connective tissue. The cells in 
the outer part of the lobules are sometimes infiltrated with 
fat prior to their destruction, the cirrhosis being asso- 
ciated mth fatty infiltration. (See Fig. 8.) 

The obliteration of the portal capillaries by the new 
tissue gives rise to ascites, haematemesis, diarrhoea, en- 
largement of the spleen, and to the other results of portal 
congestion. Obstruction of the bile-ducts, although it 
may cause staining of the hepatic substance, is rarely 
such as to interfere mth the passage of the bUe into the 
intestine, and hence there is usually but little general 
jaundice. 

Physical characters, — The physical characters of the 
cirrhosed liver vary. In the earlier stages of the disease 
the organ is probably always more or less increased in 
size ; the enlargement being almost uniform, and the edge 
rounded and thickened. In some cases this enlargement 
is considerable, and there is but little subsequent atrophy 
and contraction, the organ being found large and com- 
paratively smooth after death. More commonly, however, 
atrophy and contraction constitute marked features in the 
disease, and the liver is small, presenting an irregular 
nodular surface. 

Respecting the causes of these differences in the altera- 
tions which the liver undergoes as a consequence of the 
interlobular growth — we are at present unable to speak 
certainly. They probably, however, depend in great 
measure upon differences in the age of the growth, and 
in its distribution. In the large livers the growth is 
usually richly cellular and very generally distributed ; 
whilst in the smaller nodular forms of cirrhosis it is 
commonly more fibrous and less cellular in character, 
and its distribution is more partial. It is probable that 
in the larger livers the growth is in an earlier stage of 
development, and that if the patient had lived, the organ 
would have diminished in size. When. t\ie ^or^^Oa. Sa. 
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irregolailj diitribnted it neoowTJly CMues more ine- 
gularily in the oonfigmatioii of fha livear lihan wlieii the 
distribntioiL is nunre unifomL 

The cirrhosed liver is alwajB inc ro a eo d in ooncnfltenoe. 
It breaks down leas leadilj under the finger, and is aftea 
exoeedin^j firm and tough. On sectioQ, the newtissae 
is Yisible to the nalced eye siunroiindiiig the loboles and 
in man J parts completeljr leplaomg them. This givai 
to the oatHnn&oe a mottled grannlor appeaimnoe, the 
lobnleB themselTes oontrasting with the new interlobolir 
tissue ; and this appearance is sometimes increased by 
&t<y infiltration of "Qie cells in the peripheral aone. The 
capsule also maybe thickened, and the otgan isfreqnanHy 
stained with bile. 

ACUTB TILLOfW AZUOFJLX. 

This exceedingly rare disease of the liver is ehan^ 
tensed by a rapid diminntion in its siae^ and by destrae- 
tion of Ihe hepatic cells. The organ may, in tiie comse 

of a few days, be reduced to less than half its natond 
bulk, being especially diminished in thickness. It is soft 
and flabby in consistence, bloodless, and of a dull yellow 
or yellowish-red colour. The lobules are indistinguish- 
able. When examined microscopically, the liver-cells are 
found to be completely destroyed, being replaced by 
granular debris, fat granules, and pigment. Tyrosin 
and leucin have been found in the disintegrated Hver- 
tissue. 

The pathology of this disease is exceedingly obscure. 
By some it has been regarded as an acute inflammatory 
process, by others as a passive degeneration. 



CHAPTER XXXIX. 

INFLAMMATION OF THE KIDNEY. 

Inflammatory processes in the kidney present certain 
vaxiations according to their intensity. They comprise 
suppurati/ue, tubal, And interstitial nephritis. Of these, 
suppurative nephritis, as the name implies, is an intense 
inflammation leading to the formation of abscess. This 
usually results from the transmission of infective ma- 
terials from some primary lesion (pyaemic), or it is asso- 
ciated with some inflammatory condition of the urinary 
passages. Tubal nephritis is also an inflammation of 
considerable intensity, and in it the structural changes 
have their principal seat in the tubular epithelium. 
Interstitial nephritis is an inflammatory process which 
runs a more chronic course, and is of less intensity than 
either of the preceding. Consequently in it the principal 
structural changes take place in the connective tissue 
around the blood-vessels — in the intertubular connective 
tissue. (See " Chronic Inflammations.") It must, how- 
ever, be distinctly borne in mind that these two varieties 
of histological changes — ^those in the tubular epithelium 
and those in the intertubular connective tissue — are very 
constantly associated. Tubal and interstitial nephritis 
cannot therefore be separated from one another by any 
distinct line of demarcation. They might, perhaps, be 
more correctly designated acute and chronic nephritis. 

SUPPURATIVE NEPHRITIS. 

Acute inflammatory processes in the kidney attended 
by the formation of pus, give rise to renal abscesses. Such 
processes, as already stated, are often iiiiftc\»\:^^ \xi *Ocl<«^ 



S22 INFLAMMATION OF THE EIDNET. 

nature, resnltiiig from tlie transmissioiL of infective ma- 
terials from some primary inflammatory lesion, as in 
2)ja}mia ; and they also occnr in connexion with inflam- 
matory conditions of the orinary x>a8sage8. In the latter 
they constitute what is commonly known as the " Surgical 
Kidney." 

The abscesses met with in the kidney as the result of 
pyaemia are principally confined to the cortex, and tbej 
resemble pyaamic abscesses in other organs. They are 
usually multiple, and are often surrounded by a thin zone 
of red hyperssmic tissue. Their characters will be more 
fully described in the chapter on embolism^ (See " Besults 
of Embolism.") 

Surgical Bjdnet. — ^This is the name commonly given 
to those inflammatory conditions of the kidney which 
result from inflammation of the urinary passages. These 
renal inflammations frequently occur in association with 
inflammation of the pelvis of the kidney, such as is pro- 
duced by a renal calculus ; or with those inflammatory 
changes in the mucous membrane of the urinary tract 
which result from vesical calculus, urethral stricture, or 
enlargement of the prostate. In addition to the in- 
flammation of the urinary passage there almost invariably 
exists some impediment to the escape of the urine. 

The changes which occur in the kidney vary. When 
the abnormal condition of the urinary passages has 
lasted for a lengthened period it is exceedingly liable to 
give rise to chronic renal changes, which are charac* 
terised mainly by more or less cellular infiltration of the 
intcrtubular connective tissue. (" Interstitial Nephritis.') 
This cellular infiltration occurs both in the pyramids 
and cortex. The tubules are in some parts found blocked 
with epithelium, whilst in others they are wasted or 
obliterated. The walls of the small arteries are not 
thickened. Owing to these changes, the kidneys — al- 
though at first they may be enlarged — ^gradually become 
diminished in size, the atrophy being probably, in most 
cases, partly due to the pressure exercised by the re- 
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tained urinarf secretion. Tlie capanle becomes adherent 
and thickened, and when removed, the surface of the 
oi^n is found puckered and irregular. 

la other cases the process is much more acnte, the 
cellular infiltration of the intertubular tissne is much 
more abundaot, and the youug cells (emigrants) accu- 
mulate in certain situations in such numbers as to give 
(Fig. 103.) The blocking of the tubes 

Fro "8 
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Stargkal Ei^tey. At the lower part of the figure is seen tlie 
cellnlariiifltnitioa of the mCertulialAr tiSBue and the bloc^ng 
of the tubes with epitlielmia Bad leucocytes. At the upper 
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part, then 

with epithelium is then more marked, and many of 
them are found filled with the emigrant leucocytes. 
The kidneys in such cases are usually enlarged, pale, 
and soft; and yellowish-white patches of various sizes 
are seen on their cnt-snrtace. Many of these patches 
have pnrnlent centres. They are not commonly sur- 
Tonnded by a zone ot red hypenemio tiawift, sa ^ti- 
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pyaemia. YellowisH lines and strisB are also often seen 
extending from the papillae to the bases of the pyramids. 
This acnte suppurative process may occur independently 
of the more chronic lesions. Much more commonly, 
however, it supervenes in kidneys which have already 
undergone more diffuse interstitial changes, and its super- 
vention appears not unfrequently to be determined by 
the performance of some surgical operation in connexion 
with the bladder or urethra. 

Respecting the pathology of these changes in the 
kidney — they undoubtedly result from the inflammatory 
condition of the urinary passages, and the impediment 
to the escape of the urine with which they are associated. 
As to the manner in which these conditions produce the 
kidney changes we are unable to speak certainly. The 
simple tension due to the urinary impediment is in itself 
sufficient to cause interstitial changes. Dr. Dickinson 
believes that in many cases the changes are due to the 
absorption of septic substances contained in the urme.* 
According to Mr. Marcus Beck, reflex irritation of the 
kidney caused by injuries of the bladder from calculus, 
operative interference, &c., is often an important causative 
element. 

TUBAL NEPHRITIS. 

Tubal, parenchymatous, or acute nephritis is that sub- 
acute inflammation of the kidney which constitutes the 
more acute form of Bright's disease — that form which is 
characterised by a more or less marked beginning, scanty 
and highly albuminous urine, and dropsy. In its more 
advanced stages it is the large kidney of chronic Bright's 
disease. 

The changes which take place in the kidney have their 
seat mainly in the cortex. They comprise increased 
vascularity and exudation into the urine tubes, and 
swelling with, probably, proliferation of the tubular 

* Dickinson, on " DlssexoioaA^^ ^u\rgi\a%.t\OTi of the Kidney." 
3fed.-0hir. Trans., voLlvi. 
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epithellom. The promineiice of tlie vascular phenomena, 
however, varies very considerably in different cases. 

In the most acute cases of Bright's disease— those 
which are indaced suddenly from exposure to cold, the 
vascalar changes are marked. In. these cases the con- 
traction of the cntaneouB vessels and the check to the 
f nnction of the akin caused by the chilhug of the sur- 
face, lead to considerable hypertemia of the organs. 
There is abundant esudatioa into the urine-tnbes, many 
of the capillaries at the same time frequently rapture, 
and thus there is an escape of blood-corpusclea and of 
liquor sanguinis into the tubes of the cartes ; hence the 
blood and " blood-casts" in the urine which are so 
characteristic of the early stages of these most acute 
forms of the disease. In this sta^^e the process may 
quickly subside and with the exception of some swelling 
Fio 1 4 




TutKd Aephntli. The eirtier stage of the process. 6how- 
iDg the gwelhng of the tubular epithelium. In snrae of the 
tubes the epitheliuin hu fstli>a out during the prepitratioa 
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and deaqnamation of the tabular epithelium, no fartbet 
alterations take place in the kidnej. 

In the lesH acate cases the vaBcnlar phenomena tie 
mach lees marked, and the principal changes take plue 
in the tubnlar epithelium. The epitiielial elemrats be- 
come swollen and grannlar. (Fig. 104.) The gramilci, 
which (ure often bo numerons as to ocdnde the nncleiu of 
the cell, are solnble in acetic add, and thus differ from 
molecular fat. This is the nondition known as " cloadj 
swelling." Manj small cells are also seen within th« 
tabes, and these have been supposed to be the products of 
epithelial proliferation. It is probable that some of them 
are thus produced, although the majority must bs re- 
garded as haring escaped from the reseels. Owing to 
these changes the tabes become distended with cellalar 
eleroenta. (Fig. 105.) 

f 10. lOS. 
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In addition to tho coil-forms, many of the tubes also 
contain hyaline cylinders, which are commonly regarded 
as conaiating of coagulated BobstanceH which have es- 
caped from the vessels. By matiy pathologists, however, 
this hyaline material is supposed to be the product of a 
mucoid, or some allied, metamorphosis of the epithehnm. 
^The cell-forms coata,me& iiS.'Ocaii \W lubes adhere to tbia 
ne Bubetance, and some ol \iiciQ. %t«-«%£Bit&. ^-ms^ 
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and appear in the nrine as " epithelial casts." A varying 
number of emigrant leucocytes are also usuaUy found 
aronnd the Malpighian tufts. 

The alterations which these changes produce in the 
physical characters of the kidneys vary according to the 
extent of the hypersBmia. The organs are always con- 
siderably increased in size, and more or less abnormally 
vascular. The capsule separates readily, exposing a per- 
fectly smooth but vascular surface. The consistence is 
diminished, the tissue breaking with a soft, friable frac- 
ture. On section, the increase in the size of the organ 
is seen to be principally due to the increased thickness of 
the cortex. This is either of a reddish-brown, or of an 
opaque- white or pale buff colour ; these differences de- 
pending upon the relative proportion of blood and of accu- 
mulated intra-tubular elements. Although in the earliest 
stage of the most acute forms of the disease the colour is 
redder than natural, it usually soon becomes pale and 
opaque. This is owing to the swelling of the epithelial 
elements and to the accumulation in the cortical tubes. 
The blood becomes expressed from the intertubular 
vessels, and hence the increased vascularity is most evi- 
dent in the Malpighian corpuscles, beneath the capsule, 
and in the pyramidal portion of the organ. The Mal- 
pighian corpuscles stand out as prominent red points, 
and the pyramidal cones are of a deep red colour, thus 
contrasting strongly with the pale opaque cortex. 

The termination of the process varies. The increased 
vascularity and epithelial change may, as already stated, 
subside, and the inflammatory products passing away in 
the urine, the organ gradually return to its normal condi- 
tion. In other cases the disease continues ; and although 
the vascularity diminishes, the vitality of the epithelial 
elements becomes so much impaired that they undergo 
retrogressive changes. The cells then continue to come 
away with the urine, adherent to the casts, but instead 
of presenting the swelled granular appearance as in the 
earlier stage of the disease, they contain molecular ia.t» 
This fat gradually increases in amo\ni\» «u^ ^Jaa ^<^%<s^'s«a»- 
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lion proceedB, until nltiinatelj the cells are deBiroyed, 
and it appears as free molecnles and graniQes on the 
tube-casts. 

This fatty degeneration of the epithelium, is attended 
by corresponding changes in the appearance of the oigan. 
The redness diminishes, and the Malpighian coipnadb 
are less prominent. The enlarged cortex presents a 
uniform yellowish-white tinge, studded with minnte 
yellowish streaks. This is owing to the presence of hi in 
the tubes of the cortex. This fatty stage, if only slightly 
advanced, may undoubtedly pass off. The degenerated 
cells are carried away by the urine, from those which 
remain in the tubes the fat is probably partially absorbed, 
the retrograde process gradually ceases, and the organ 
returns to nearly its normal size and condition. In other 
cases the degeneration continues, and owing to the loss 
of epithelium the kidney becomes somewhat diminished 
in size. This atrophy, however, I believe never occnrs 
without changes in the intertubular connective tissue. 

When the inflammatory process is of longer duration, 
or when the kidneys are the seats of repeated attacks of 
sub-acute inflammation, the intertubular connective tissue 
invariably becomes involved. This tissue becomes infil- 
trated with small cells which ultimately tend to form a 
fibrillated structure. (See Fig. 106.) The new inter- 
tubular growth may gradually increase, and so lead to 
more or less irregular atrophy of the organ, such as will 
be described as occurring in interstitial nephritis. (See 
"Interstitial Nephritis.") In other cases -death ensues 
before any marked atrophy has taken place, and thus the 
organ may remain smooth and large to the termination of 
the disease. The intertubular growth is sometimes found 
thickly studded with fatty granules. 

Scarlatinal Nephritis. — The changes which take place 

in the kidney in scarlatina have usually been regarded as 

precisely similar to those which have been just described 

as tubal nephritis. Recent investigations, however, show 

that this view requires considerable modification. It has 
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long been known tliat cases of scarlatina sometimes occur 
in which the kidney change differs from the type of ordi- 
nary acnte nephritis ; but it is only during the past year, 
owing to the researches of Dr. Klein, that any exact know- 
ledge of the scarlatinal kidney has existed.* The changes 
as described by Dr. Klein may be thus briefly summa- 
rised: — 

The earliest changes — those occurring during the first 
week of the disease- comprise :— 

1. Increase of the nuclei covering the glomeruli of the 
Malpighian corpuscles. 

2. Hyaline degeneration of the elastic intima of minute 
arteries, especially of the afferent arterioles of the Mal- 
pighian corpuscles. This change produces a swelling of 
the intima, so as in some places to cause a distinct nar- 
rowing of the lumen of the vessel. The capillaries of the 
Malpighian corpuscles are in parts altered in the same 
way, in consequence of which many of them become im- 
permeable. 

These marked and early changes in the Malpighian 
corpuscles are interesting, as helping to explain those 
cases which are occasionally met with, in which death 
occurs from anuria and uraemia, and no catarrhal or other 
conspicuous alterations are found in the kidneys. 

3. Multiplication of the nuclei of the muscular coat of 
the minute arteries, and a. corresponding increase in the 
thickness of the walls of these vessels. 

4. Cloudy swelling of the epithelium in the convoluted 
tubes, with multiplication of the epithelial nuclei. Gra- 
nular matter and even blood may also be found in the 
tubes, and in the cavity of Bowman's capsules. These 
parenchymatous changes are in the early stages of the 
disease but little marked. 

The later changes — those occurring after the first 
week, consist in : — 

* "The Anatomical Changes of the Kidney and other Organs in 
Scarlatina of Man," by Dr. Klein. — Trans. Path. Soc. Lond., 1877. 
VoL xxviii. 
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5. A cellular infiHration of the intertnbiilar conneeiiTe 
tissue of the cortex (interstitial nephritis), together witili 
an increase in the epithelial changes, and a crowding of 
the tubes with small round cells (leucocytes). The cel- 
lular infiltration commences around the larger vascalar 
trunks, whence it spreads rapidly into the bases of the 
pyramids, and especially into the cortex. As it increases 
the epithelium undergoes &Ltty degeneration, and the 
urine-tubes gradually become obliterated. 



lyTEBSmiAL NEFHBinS. 

Interstitial or chronic nephritis, or, as it is sometimes 
called, granular degeneration of the kidney, is that more 
chronic change which occurs in the most chronic form of 
Bright's disease — chronic Bright's disease with contracted 
kidney. The process, like the corresponding one in the 
liver, is characterised by a gradual increase of the con- 
nective tissue of the organ, and by atrophy of the tnbal 
structures. Sometimes, as has been seen, this is merely 
an advanced stage of tubal nephritis. More commonly, 
however, the process appears to be very chronic from its 
commencement, and not to be preceded by any marked 
vascular phenomena or by any active changes in the 
tubular epithelium. 

The first change in the kidney appears to consist in a 
cellular infiltration of the intertubular connective tissue. 
In the earliest stages of the process this tissue becomes 
infiltrated with small round cells. (Fig. 106.) If the 
growth is rapid, these may be exceedingly numerous, and 
the intercellular substance soft and amorphous. Usually, 
however, the process is much slower and more insidious, 
the cells are not numerous, and the new tissue is more or 
less developed into a fibrillated structure. This is the 
condition in which it is usually met with. These changes 
are almost entirely limited to the cortical portion of the 
kidney, and although here they are more or less general, 
the new growth is moTe abundant in some parts than in 
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othera, beiug nan&lly most so aroand the Halpighian 
bodies and in the neighbourhood of the capsule, with 
which it is cloeelj nnited. In this stage the tnbes and 
iheir epithelium aie imaffected. 

Fig. 106. 
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ODOWing iDe c^nlar nliltrat o of the Dtertubum con 
nect Te tiasoe The ep hel um h«s hlleu oat of some of 
the tabes danng the preparat oa of the eect on "3 

In th s early stage the 1( dney may be somewhat n 
creased in size the capsule neually separates less read ly 
than in health and the surface of the or^an is s! ghtly 
granular On section the cort cal substance is n some 
cases paler n others redder than natural Tbe cut but 
face also looks obscurely granular TheMalp ghianbod es 
stand out as red X)0 nts and the base of the pyrara ds and 
surface oi the organ are sometimeB hyperfemie. The con- 
Histence of the kidney is usually slightly denser and 
tougher than nataraL This, howerer, will vary with the 
character of the new growth, as will also the in 
and the irregularity of the surface. If the n 
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sl'iwlj- ilevtlopcd, the size will be bnt little incresseJ. 
whi-rt-iis tlie intTiiiso in conHintcnce anil tlio granular con- 
ilitiiiii will In) moro iiiurked. If, on the other hand, the 
]iriiii.>i<M he iiioiv rn[iiil, uml tho ci'llular infiltration more 
uhiiiiilunt. there will be ii greater iucroaBu in the size, tW 
fn^iinilnr chnracterwill W :;light, and the coaBintence oai 
\v vwo sofliT thiin natuniL 

Tin- peuonil stap; in the procpss m characterised bytht 
atrii|ihj- of till" tnhuliir fitrwoturcB. Thia is proliablv 
iniiinlyowin<,r tii tho pressure eiercinod by the mt«rtubnlit 
^nm'th, and to the cicatricitil contraction nhicli it often 
uiidiT^i'K. The atrophy consequently ia not nnifonu, l>nt 
ill iiiiiro iiiarki'd in Home parts than in others. The tubes 
an* now found in many parta diminished in size, or com- 
plftt'ly obliterated ; whilst in othcra they are irregnlarlj 
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sedfl the int^Ttubnlaj' tiseae thus becomee mingled with 
be graanlar and fatty d^brie which resolta from the 
jtrt^rade process. (Fig. 107.) The Maipighian bodjee 
ecoine approximated, and the Hecreticg structure throngh- 
at large tra,ctB of the kiduej ia destroyed. (Fig. 108.) 

Fio. 108. 
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Inlentitidl Xepliritia. A teiy adTaiic«d stage of tlie procet 
Showing the Urge amount of tissue between the tubes of tl 
cortex, and the eitenaiTe atrophy of the tubes. The degen 
rated epitholinm which n-as contained in some of the tubes baa 
tdloD out in the prepuutiou of the seclion. x 50. 

Hie irregular pressure exercised by the new growth also 
jives rise to the formation of cysts. These originate 
mrtly in the Maipighian capsules, and partly in 
iiine tubes — the latter becoming insularly dilated. 

The small arteries of the kidney also nndei^o : 
lortant alterations. These were first described by Dr. 
Fohason. Dr. Johnson states that the walls of these 
/easels are thickened, owing to hypertrophy of their 
ongitudtnal and circular mnscniar fibres. This change ie 
ffell represented in the accompanying drawing. (Fig. 109.) 
Both the interna] longitudinal and the external circular 
noscular fibres are considerably incre&Bed. T\i« %i!uar;^ 
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stated Dpon by Sir W. Gull and Dr. Sntton. I bm 
UHDallj found it associated with the nmscolar hypertroplij, 
althougli the latter is andoubtedly the most proBuneet 
atriictaral change. 

In this more advanced stage of the disease the kidnej 
is diminished in Bise. Its anrface is more grannlai, tfae 
capsnle more thickened and adherent, and it cannot be 
removed mthont tearing the kidnej eabstauce. Ths 
snperficial vessels are seen nndnly marked in the depns- 
sions between the granulatioiui. The cortex is tough and 
fibrous, of a reddish, jellowish-grej, or bnff oolonr, mot- 
tled with jellow streaks and patches ; and nsnallj nnme- 
lons email cjats are distributed thronghoDt it. GalcMeona 
deposits are also often seen as white stt'eaks between the 
tubes of the pjianuds. 



CHAPTER XL, 

INFLAMMATION OF THE BRAIN AND 
SPINAL CORD. 

IiiTFLAMMATOKY processes ;in the nervous centres are pro- 
bably mncli less frequent tlian was formerly supposed. 
Many of those morbid changes in the brain and spinal 
cord which are attended by softening, and which were at 
one time regarded as the result of inflammation, are now 
known to owe their origin to simple interference with the 
yascular supply, such as results from thrombosis, embo* 
Hsm, or degenerative changes in the walls of the blood- 
vessels. (See " Fatty Degeneration of the Brain.") 

The injury which determines the occurrence of acute 
inflammations in the brain or cord is most frequently 
some external violence — a blow, simple concussion, or 
fracture of the osseous framework. In other cases it is 
diseased bone, as in the inflammation of the brain which 
so often results from disease of the petrous portion of the 
temporal bone. Lastly, in a comparatively few number 
of cases these inflammations are pysemic 

The inflammatory process is almost invariably limited 
to small portions of the cerebral or spinal substance. The 
earliest change consists in a more or less intense and 
localised hyperaemia, which is frequently attended by 
rupture and minute extravasations of blood. The nervous 
tissue then becomes infiltrated with young cells and con- 
siderably softened, and it presents a uniform red or 
mottled colour. This red softened tissue gradually ac- 
quires a brownish or brownish -yellow colour owing to 
changes in the haemoglobin. The nerve-fibres become 
disintegrated, and the nerve-cells and cells of the neu- 
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roglia undergo fatty degeneration, thus forming the so- 
called " inflammatory," or " exudation corpuscles." (See 
Fig. 11.) 

In many cases the accumulation of young cells is 
sufficient to give rise to the formation of an abscess, and 
a yellowish or reddish purulent liquid gradually takes the 
place of the original softened mass. The tissue sur- 
rounding the abscess is also hypersBmic, softened, and 
infiltrated with cells. The cellular infiltration may 
gradually extend, and thus the abscess increase in size 
until it opens either externally or into the ventricles. In 
other cases the abscess becomes limited and encapsuled 
by the formation of connective tissue from the neuroglia, 
and this tissue often forms a delicate network traversing 
the cavity. When the products of these acute inflamma- 
tions have thus become encapsuled they may gradually 
dry up into caseous or calcareous masses, or the absorp- 
tion may be more complete, so as to leave little more than 
a cicatrix. Respecting the source from which the young 
cells are derived — they are probably entirely emigrants. 
The nerve-cells themselves, and the cells of the neu- 
roglia, appear to undergo no active changes in in- 
flammation. 

Suppurative inflammations are much more common in 
the brain than in the spinal cord. In the latter the 
inflammatory process is rarely of sufficient intensity to 
produce abscess ; it causes merely softening of the nervous 
tissue, and, when not secondary to a meningitis, usually 
involves primarily and principally the central grey 
matter (myelitis). 

Inflammatory Softening of the Brain and Cord. — 
Conditions of softening of the cerebral or spinal sub- 
stance resulting from inflammation, other than those 
which have been above described, probably rarely occur 
as primary lesions. Most varieties of softening which 
were formerly described as inflammatory — either from 
the red colour of the softened tissue or from the acute- 
neaa of the prooeBS — ^leaxxV^i, «ja vi2^^^^ ^\aJu^ from 
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tlirombosis or embolism (see " Embolism in the Brain"), 
or are simply passive degenerative changes in which more 
or less extravasation of blood has taken place into the 
softened tissue. (See " Fatty Degeneration of the Brain.") 
Inflammation and consequent softening of the nervous 
tissue, however, sometimes occurs as a secondary process. 
It takes place especially around clots of blood or other 
morbid products within the brain or spinal cord, and 
results from the injurious influence which these sub- 
stances exercise upon the immediately adjacent structures. 
Such a result is not un frequent in cases of cerebral 
lisemorrhage. The nerve- tissue immediately surrounding 
the clot becomes the seat of an inflammatory process, 
and it is found after death softened, hyperaemic, and 
infiltrated with young cells. Inflammation of the 
superficial portions of the cerebral and spinal substance 
may also occur as the result of meningitis. 

SCLEROSIS OP THE BBAIN AND SPINAL CORD. 

The term " sclerosis" is applied to certain changes in 
the nervous centres which are characterised by an increase 
of the connective tissue (neuroglia), and by atrophy 
and degeneration of the proper nervous elements. The 
affected portions are, for the most part, increased in 
consistence ; sometimes, however, they are softer than 
natural. They are usually of a greyish colour; hence 
the change has been called "grey degeneration." The 
grey colour appears to depend upon the loss of the white 
sheath of the nerve-fibres. 

Respecting the nature of the change — it is probably in 
many cases the result of a chronic inflammatory process, 
the new growth of connective tissue leading to the de- 
struction of the nerve-elements. In other cases, however, 
the atrophy of the nerve-tissue appears to precede the 
interstitial increase, so that the process would rather be 
regarded as a passive degeneration. This is probably 
the case in the secondary degenerations of the cord. 
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Wlien the diseased portJoDS of the brain and ctai an 
examined microscopically, the cat ends of the aem- 
fibres are seen in traaBverse sections to be separated bj B 
grannlar, finely nocleated, and often parti^j fibrOlattd 
tissne, which evidently originates from the neuroglia- 
(Fig. 110.) The nerve-fibies themselves are atropMed, 




Sdemii 0/ Spinal Cord. From a case of Prv- 
greeeiri.- UuBCuUr Atropbf . A tnnsverse section. 
Bhowing the new tiesoe letween the cat ends of 
the nerve-fibrea. " 2(H). 

and more or less fatty debris is fonnd in the alterri 
tissue. In many cases the nucleated character of the 
interstitial growth is wanting. The walls of the blood- 
vessels are also stated to be thickened, and their nuclei 
t be ased. 

S 1 is more commoa in the spinal cord than in 

th b in In the latter it occurs most frequently aa amill 
patch f nduration limited to certain portions of tlie 
b Ih se must be distinguished from the cicatrices 

1 t afte the absorption of blood or of inflanmiatorj 
p d Sclerosis of the cord may in the same way be 

loc 1 ed an t more or less disseminated ; more commanl;. 
h w t mplicates only particular nervous tracts. It 

th in the posterior columns of the cord in loco- 
motor ataxy, and in the anterior cornua in progreseive 
muscular atrophy, &c. In the localised and disseminated 
forms of sclerosis the cellular character of the new growth 
is much more marked than it is in the simple uniform 
iclerosia which involves particular nerve-tracts. 



CHAPTER XLI. 

INFLAMMATION OP THE LUNGS. 

In tlie lungs, inflammatory processes comprise the three 
following principal varieties: — Growpous, broncho- or 
catanrrhal, and chronic or vnteratitial pneumonia. Of 
these, the former occurs as an independent affection, 
whereas the two latter are nsnally the result of some 
antecedent bronchial or pulmonary inflammation. 

CEOXJPOUS PNEUMONIA. 

Crov/pou8, exudative, or loha/r pneumonia, is that form 
of pulmonary inflammation which is met with in the 
disease known as acute primary pneumonia. This is 
now regarded as a general disease of which the pneu- 
monic consolidation is the prominent local lesion. 

The local process is characterised by intense inflam- 
matory hypersemia of the lung, and by the exudation of 
a large amount of coagulable material into the pulmonary 
tissue. It is termed " croupous" by the Grermans, from 
the supposed resemblance of the histological process to 
that of croup. The term " lobar" is applied to it because 
it abnost invariably affects an extensive portion of the 
lung. The process is commonly described as consisting 
of three stages — 1st, that of engorgement ; 2nd, that of 
red hepatization ; and 3rd, that of grey hepatization. 

In the first stage, that of engorgement^ the lung becomes 
exceedingly vascular, the changes in the blood-vessels and 
circulation being such as have been already described as 
characteristic of inflammation. The organ is of a dark 
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red colour, its specific gravity and absolute weight aw 
increased, its elasticity is diminished, it is leas crepitant 
aud more friable tban niitural, and pita npon preesnre. 
Its cut surface yields a reddish, frothy, teuacions liquid. 




few leucocytes ave a' 
alveolar epithelium 
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In the second stage, that of red hepatization^ there is an 
exudation of liquor sanguinis and migration of blood- 
corpuscles into the pnlmonarj tissue. Some of the vessels 
may also rupture, and thus small extravasations occur. 
The exuded liquids coagulate within the air-vesicles and 
terminal bronchioles, the coagulum enclosing numerous 
white and some red blood-corpuscles. (Fig. 111.) It is 
stated by some German pathologists that the coagulum 
is in part produced by certain changes in the epithelium 
like those believed to occur in croup. (See " Croupous 
Inflammation of Mucous Membranes.") The lung is 
now much heavier than in the preceding stage, and is 
increased in size, so as to be often marked by the ribs. 
It is quite sohd, sinks in water, and cannot be artificially 
inflated. It does not crepitate under the fingers, but is 
remarkably friable, breaking down readily with a soft 
granular fracture. The cut surface has a markedly 
granular appearance, seen, especially when the tissue is 
torn. This is owing to the plugs of coagulated exudation 
matter which fill the alveoli. The colour is of a dark 
reddish-brown, often here and there passing into. grey. 
This admixture with grey sometimes gives a marbled 
appearance. Throughout this stage there appears to be 
but little alteration either in the alveolar walls or in the 
alveolar epithelium. On the former are often seen a few 
leucocytes, and the latter is usually swollen and granular. 
(Fig. 111.) The pleura covering the solid lung always 
participates more or less in the inflammatory process. It 
is opaque, hyperaemic, and coated with lymph. 

The third stage, that of grey hepatization, is charac- 
terised by a continuance in the emigration of leucocytes, 
and by cell-proliferation. The white blood- corpuscles 
continue to escape from the vessels, and thus their num- 
ber within the alveoli gradually increases. The epithelial 
cells lining the alveolar walls, which were only swollen 
and granular in the earlier stage of the process, now 
undergo more active changes. Their nuclei enlarge and 
multiply, and idtimately numerous new cells ate ^t^dxi^ii^'i.. 
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The pulmonary alveoli tlina become completelj filled with 
yonng cell-forma, 80 that the fibrinonB emdation is uo 
longer visible as an indepeadeat material, as it is in the 
stage of red hepatization. {See Fig. 111.) The fibrinous 
material now disintegrates, and the yonng cells rapidly 
undergo retrogressive fatty changes, so that, as naaaUy 
seen, the alveoli are filled with granolar elements, whidi 
in manj parts have lost their distinotive ontlinei. 
(Fig. 112.) The alveolar walls themselves, with few 




Croupoui Pneumonia — Greg Htpaliiatbm. Showing ths 
large accnmulntion uf cellular elameate within one of the 
pnlmouarj alreoli, which in Home parte have nndt^rgone 
Buch eiteoaive fattj d^ensra^oa that their dietLnctive 
outlines are no longer visible, x 200. 

exceptiona, remaiii tluToa^u^ t^« process onaltered, 
altboagh ocoaaonaHy wlnea ftia «^a%* i 
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adyanced, they may be fonnd, liere and there, partially 
destroyed. The weight, density, and friability of the 
lung now become even greater than in the stage of red 
hepatization, although the granular aspect of the cut 
surface is much less marked. The tissue is now quite 
soft and pulpy, and a puriform liquid exudes from its cut 
surface. The most prominent feature, however, is the 
alteration which takes place in the colour of the organ. 
This gradually changes from a dark reddish-brown to a 
grey or yeUowish-white. This is owing partly to the 
pressure exercised upon the blood-vessels by the exuded 
substances and newly formed cells, and partly to the 
fatty degeneration which the latter have undergone. 
The stage of grey hepatization when far advanced has 
been termed suppuration of the lung. 

Although these three stages of the pneumonic process 
have been described as succeeding one another in orderly 
succession, it must be remembered that each stage does 
not occur simultaneously throughout the whole of the 
affected area of the lung. The changes advance irregularly, 
so that whilst one portion of the lung is in the stage of 
red hepatization, another may be in the grey stage — 
hence the mottled marbled appearance of the consolida- 
tion. The rapidity with which the several stages succeed 
one another is also subject to marked variations. In 
some cases the pneumonic consolidation very rapidly 
becomes grey, whilst in others the time occupied in the 
transition is much longer. 

The pneumonic process may terminate in the four fol- 
lowing ways : — 

1st. In Resolution. — The gradual return of the lung to 
its normal condition is the natural and much the most fre- 
quent termination of croupous pneumonia. This is 
effected by the fatty and mucoid degeneration of the in- 
flammatory products which have accumulated within the 
alveoli, which thus become so altered that they can be 
removed by absorption. Granular pigment is also mixed 
with the softened matters and appears in the expecto- 
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ratkm. lliis ii prolMUy partly derif]ed fiom the ezbi- 
Tas&ted Uood, and is paitij thai wliich normally eiuUm 
the interiobular oonneetiTe tiaaoe. Where thia proeeai ol 
liqaefaotioii and diamt^gration ia taking plaoe in the 
lung the grannlar appearance of ita eat anzfiuse ii oobi' 
pletelj kiat It ia of a yeOowiah-grey colour, and t 
tenacioaa pnriform liqaid can he expreeaed firam ite mb- 
atanoe. Aa the aoftened mattera heoome ahaorbed, i^ 
circolation n gradnallj reetored, and the organ nltinut^ 
attains its normal charactera. 

2nd. J» A&toe«0.---The formation of an aheeessii a teiy 
rare result of simple pneumonia. Snch a resnlt appean to 
he faTonred hj a had oonstitntion, and hj any eiroam^ 
stances which tend to impair the general health either 
hefbre or during the diaeaae. The ahaceaa ia more oom- 
mon in the upper than in the lower lohea. OironmsfBibed 
gangrene of the lung maj alao occasionally tenninsiBift 
abscess. This takes place hj the eracaation of the gaa^ 
grenous tissue through the hronchi, and the formation d 
a pyogenic membrane from the walls of the cavity, wludi 
generates pus. The cavity may ultimately close by grann- 
lation and cicatrization. These abscesses of primaiy 
origin are nsnaUy single, and thus differ from those dne 
to pyaemia. 

3rd. In Gangrene. — Almost as rare as the preceding 
is the occurrence of gangrene. This is most conmionin 
chronic drunkards and in those of debilitated constitntioii. 
Two conditions appear to be principally concerned in 
bringing about this result : — one is the interference with 
the supply of blood by the extensive formation of coa* 
gula in the pulmonary and bronchial vessels, together 
with considerable hsBmorrhage into the pulmonary tissue; 
the other is the septic influence of altered inflammatory 
products. The gangrene is usually limited to a small 
area of the pneumonic lung, and is either diffuse or limited 
by a zone of inflamed tissue. 

4th. In Chronic Pnev/monia, — If the inflammatory pro- 
cess does not subside and the exuded suhstances are not 
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absorbed, the alveolar walls gradnally become involved. 
These become thickened by a new growth of fibro-nn- 
cleated tissne, and thns is produced more or less fibroid 
induration of the organ. (See " Interstitial Pneumonia.'*) 
This termination of croupous pneximonia is comparia.tively 
rare. 

A croupous pneumonia plays a prominent part in some 
cases of pulmonary phthisis. (See "Pulmonary Phthisis.") 

BKONCHO- OR CATARRHAL PNEUMONIA. 

Broncho-, catarrhal, or lohula/r pneumonia is inflam- 
mation of the lung-tissue associated with, and usually 
secondary to, inflammation of the bronchial mucous 
membrane. In the earlier stage, the pulmonary inflam- 
mation is commonly limited to scattered groups of air- 
vesicles, hence the term lobular which is applied to it. 
As the process proceeds, the inflammatory nodules may 
gradually coalesce, so as to produce larger tracts of con- 
solidation.- The inflammatory products which fill the 
alveoli consist principally of cells derived from the epithe- 
lium of the alveoli and from the bronchial mucous mem- 
brane ; exudation and emigration play a much less pro- 
minent part in the process than they do in croupous 
pneumonia. Owing to this preponderance of epithelial 
products, and to the association of the pulmonary with 
the bronchial inflammation, the process has been termed 
catarrhal pneumonia. 

Pathology. — The pneumonic process, as already stated, 
is invariably associated with bronchial catarrh. In some 
cases, it would appear that the injury which produces 
the bronchial inflammation produces at the same time 
inflammation of the air-vesicles, but much more fre- 
quently the bronchitis precedes the pneumonia, and 
gives rise to it in a manner to be hereafter described. 
Whatever causes inflammation of the bronchial mucous 
membrane may thus be a cause of broncho-pneumonia. 
Simple bronchitis, especially in childhood and old age^ 
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1. Blwuiif lowioie wowcefiiB to 0aaap9$.-0d' 
lapee of the fai^(4iHee gmttlf &foiin the ooeamnee 
of h wiacho'ft J i Mffl e i i , aeid eenallf the poeDiiioiiie pn»- 
OHBii |nied|i elly O Mifm ed to tiioee poitkmB of tiielimg 
in wMeh eoQapse bee taken place. There are two 
cxmunslaACiets prmcipaDj oonoemed in the prodactdon d 
the coUapee which ia oonsecutiTe to bronchitis— the 
narrowing of the branchial tabes, and the weaikness of 
the inspiratorj power. The coUapse thus induced is 
eapecialhr fineqnent in the posterior and inferior portionfl 
of the longs — those poitionfl in which normallj the 
inflation of the long is least complete. Commencing 
here, the process may gradually extend upwards till large 
areas of the lungs become iuTolyed. In other caseSi 
owing to a more irr^ralur distribution of the bronchial 
obstruction, the collapse is limited to small isolated 
portions of the lung. These portions vary in size from 
a hemp-seed to a walnut. They are commonly more or 
less wedge-shaped, with their apices toward the bronehns 
with which they communicate, and the lung-tissue around 
them usually presents various degrees of congestion and 
emphysema. 

The tendenicy oi '^<b ^nsomonic procoBs to ocenr is 
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e collapsed portions of the lung is due partly to the 
'persemia which is induced by the collapse, and partly 
the irritation of inhaled bronchial secretion. Collapse 

the lung-tissue invariably induces more or less conges- 
m. This is owing to the absence of the expansion and 
ntraction of the air-vesicles which normally aid the 
dmonary circulation, and also to the impediment to the 
3od-flow resulting from imperfect aeration. This con- 
stion is quickly followed by oedema, and the bluish- 
Lrple collapsed portions of the lung become darker in 
lour, less resistant, and more friable in consistence. 

lung-tissue thus altered a quasi-inflammatory process 
aracterised mainly by epithelial activity is prone to 
pervene. 

Another circumstance which often appears to play a 
ominent part in the causation of the pneumonic process, 
the presence within the alveoli of the inflammatory 
oducts of the bronchial mucous membrane. These 
)ducts are frequently found in scattered groups of 
•-vesicles, and they are evidently inhaled. (See Fig. 113.) 
ley are found both in the air- containing and in the 
Llapsed portions of the lung, but especially in the latter, 
e presence of collapse necessarily interfering with their 
XLOval by expectoration or absorption. These inhaled 
oducts are often found filling small groups of alveoli 
thout any evidence of subsequent inflammation, and 
ere can be no doubt that many of the patches of con- 
Lidation which are usually described as pneumonic are 
illy non -inflammatory in their nature, and are thus 
oduced. At the same time, owing to the irritation of 
e inhaled secretion, it tends to induce inflammatory 
anges within the alveoli, and these changes are fre- 
lently largely owing to its presence. 
2. Broncho-pneumonia independent of Collapse, — Al- 
ough the pneumonic process is usually consecutive to 
llapse, it may occur independently. This may be owing 
:her to the direct extension of the inflammation from the 
onchi to the air-vesicles, or to the influence of inhaled 
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inflaniinaiorf prodvetf . InotlieraMeByifeispoMiUaiJMi 
tbe injury which oanses the hronohilu cautei st the warn 
time inflammatiaii of the pnlmonarjr alveolL 

HisioLoeT, Ae.— The appeanmoee preeented lij titf 
lungs after death Tary, The bronohi are always moie or 
less inflamed, and contain thick mncos. The hmg-tiNOB 
exhibits, associated in Tarioos degrees, eoDapMbeongei* 
tion, oedema, emphysema, and pneamonio oonsd id stioi. 
The blnish, non-crepitant, depressed portima of eoflapi^ 
which become darker and more firiahle witii agSb ^ ' 
nsnally most ahnndant in the lower lohea and msigitf 
of the lungs. The collapse sometimes involves the irfub 
of one lobe^ but more commonly it is limited to saiiOflr 
areas. When scattered and limited in its disfailmiaoBi 
there is nsoaUy more or less emphysema of the in- 
tervening portums of the long. 

Those i)ortion8 of the Inng in which the pnennioDiD 
process has snperrened most commonly appear ss Me- 
tered nodules of consolidation, varying in siie from ft 
small pea to a hazel-nut. These are ill-defined, and 
pass insensibly into the surrounding tissue, which is 
variously altered by cougestion, collapse, and emphysema. 
They are of a reddish-grey colour, slightly elevated, 
smooth, or very faintly granular, and soft and friable in 
consistence. As they increase in size they may become 
confluent. In a more advanced stage, the nodular and 
more diffuse consolidation becomes paler, firmer, drier, 
aud somewhat resembles in appearance ordinary giey 
hepatization. 

When examined microscopically, this consolidation ib 
seen to consist of an accumulation within the alveoli of a 
gelatinous mucoid-looking substance, small cells re- 
sembling leucocytes, and epithelial elements. In many 
cases much of this accumulation is precisely similar to 
that contained in the smaller bronchi, and it is evidently 
the inflammatory and richly cellular bronchial secretion 
which has been inhaled. (Fig. 113.) At the same time it 

in the highest degree probable that it is often partly 
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the resnit of exudation and emigratdon from the pnl- 

monary capillarieB ; for, aa shown hy Cohnheim, hlood- 

stasie so injures the walls of the blood-veasels that 

Fid. 118. 




Bnmdio-Pnetimoiaa. From a child, aged four, with capillary 

Showing thf atuffing: of tlie alveoli with what appears in the 
main to be inhnled bronchial secretion, x 200, 

the blood -oorpaacles aod ]iqnor aanguinis readily per- 
meate them. (See " Emboliem.") AsBociated with this 
material are brge epithelial elements, the offspring 
of the alveolar epithehnm. These vary considerably in 
nnmber. In some cases, and in some portious of the 
consolidation, they may be very few, whilst in others 
they may constitute the predominant change. {Fig. 114.) 
These differences probably depend upon how far the 
inhalation of bronchial secretion constitutes a part of 
the process. 

The Buhseqnent changes which take place in the Innge 
vary. When the disease does not end in death, resolu- 
tion is the most common termination. The contents 
of the alveoli undergo fatty metamorphosis, and are re- 
moved by erpectoration and absorption, the lung gra- 
dually regaining its normal character. This process, 
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bowerer, is lesB readilj effected than in cronpoiiB pnen- 
monia, and it often occnpiea such a lengthened period 




Cttiarrkal Pneumonia, From a case o: 
phthigig. Showing the largB epithelial cells 
which M the alveoli " 2UD. 

tiiat Home thickening of the bronchiH,! and alTeolar walls 
and dilatation of the Bmaller bronchi remains. In 
chronic caeea this fibroid thickening is mnch more 
marked, and confliderable iiregnlarly diatribttt«d pig- 
mented indnratiun and bronchial dilatation may be 
produced. (See " Chronic Fnenmonia.") In theae clutiiuc 
forms the contents of the alveoli sometimes caaeate, and 
then become encapBuled, or in quite eiceptional cases lead 
to disintegration. 

Htfosiatic Pneuuokia. — Allnsion mnst be made here 
to a form of lang-consoUdation which is often described 
aa pneumonic, but which, in reality, is for the most part 
Don-inflammatery in its nature. This is the so-called 
hypostatic pnenmonia. This condition is met with at 
the bases and most dependent portions of the Inngs 
in the conrse of both chronic and acute diseases, and also 
in tlie aged and debffltB.\A4. \^t wsaai^^a ini. ^iia main of 
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lapse, hypersBiuia, and oedema of tlie Inng-tissne, re- 
ting from weak inspiratory power, feeble circulation, 
1 gravitation. The consolidation thus mechanically 
Luced is increased by more or less exudation of liquor 
igninis and blood-corpuscles into the alveoli, which 
idation is partly due to the damage to the walls of the 
>illaries caused by the blood-stasis (Oohnheim). This 
idition of hypostasis is, as has been already stated, 
>ecially favourable to proliferation of the alveolar 
Ltbelium; and this proliferation often occurs to a 
3ater or less extent, and so tends to increase the con- 
iidation. 

rNTEESTITIAL OK CHEONIC PNEUMONIA. 

Interstitial or chronic pneumonia is characterised by a 
adual increase in the connective tissue of the lung, 
bich leads to an induration of the pulmonary texture, 
id to progressive obliteration of the alveolar cavities. 
is commonly associated with catarrh and dilatation of 
le bronchi, and often with ulceration of the bronchial 
alls, and excavation of the indurated lung. 
Pathology. — It is exceedingly doubtful if interstitial 
lenmonia is ever a primary and independent affection, 
i probably in all cases owes its origin to some antecedent 
^ammation of the pulmonary or bronchial textures, or 
* the pleura. It may be stated generally that all in- 
unmatory processes in the lung which become chronic 
ad to an increase of the connective tissue elements, and 
)n8equently to a fibroid induration of the organs, and in 
lis respect, therefore, these processes resemble similar 
aes in other parts — e,g, in the liver, kidney, and mucous 
lembranes. In the lungs by far the most common cause 
f snch induration is phthisis, in all cases of which, ex- 
3pting in those which are the most acute, there is more 
r less fibroid growth. The most chronic cases of 
lithisis— those in which the fibrosis is the most marked 
-are, it must be admitted, somewhat closely allied to 
ome forms of interstitial pneumonia. The two diseases 
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differ, however, in thia respect: — that whereas the pnl> 
monaiy consolidation of pbthisiB t«iidB to nndergo midt- 
cnlar death and dieintegratioit, that of int«TBtitial pneu- 
monia exhibits no such tendency, bat aay destrodiciB 
and excavation of the indurated Inng which niaj take 
place is dne to secondary inflammation and nlosrstko 
commencung in the bronchial walla. In coDBidering tltt 
pathology of interetitiail pnenmoDia. therefore, it is neeei- 
Barj to eiclade in the first place the polmonarf fibTom 
of chronic phthiBiB. (See " PnlmonarjrPbthJBis.") Inter- 
etitial pneumonia oinHt also be separated from that fbm 

Fio. 116. 







Chnmle Broiuh th Sliowing the iiffw growth of fihro- 
imiluHtnl tasDo aro ud he bronchus 6 niid the way in 
which thiB t Bduu s u ad ug the wa Is of the adjacent 
alvi^olL r A d v d d blood vaSBel x 1 ju, rsduced 1- 

of pnlnionary indurat on which is produced by long con- 
tinued meclian cal congest on (see Brown Induration of 
the Lung"), and from those more localised iadoratioM 
due to ehrouic bronchitis (Fig. 115). and to cypbiliB. 

There appear to he four conditions which may give rise 
to interstitial pneumonia. These are as follows : — 

1. Oroupoua Pnewmou-ia.— The polmonary consolid»- 



INTERSTITIAL PNEUMONIA. 353 

I acnte cronpons pnenmonia in almost all cases 
;oes complete resolution. This resolution is usually 
i rapidly, but occasionally it is more protracted, 
protracted, the hepatized lung tends to become 
jr indurated, owing mainly to thickening of the walls 

alveoli. This indurated hepatization differs but 
1 its physical characters from ordinary red and grey 
nation ; it is simply somewhat firmer, more resis- 
nd less granular. In very exceptional cases this 
3.mount of induration, commencing in the alveolar 
may gradually increase, so as ultimately to give 
that extensive fibrosis of the lung which constitutes 
I usually known as interstitial pneumonia. 
ronchO'Pneumonia. — ^This appears to be a some- 
Qore frequent cause than the preceding. The 

liability of this form of pneumonia to lead to 
ary induration, is to be accounted for, partly by 
ger duration and greater tendency to become 
, and partly by the existence of bronchial di]ata- 
ith which it is so frequently associated. That 
al dilatation is favourable to an indurative pneu- 
process has been insisted upon by Dr. Wilson 
The existence of this dilatation favours the per- 

of the catarrhal and pneumonic process. lj\e 
I of secretion is rendered difficult, and the re- 
secretion tends to keep up and increase the irri- 
jrocess, both in the dilated bronchi and also in 
monary alveoli, and this persistence of the bron- 
,nd pulmonary inflammation leads to fibroid 
ing of the bronchial and alveolar walls. In this 
as of fibroid induration are produced, which, as the 

proceeds, may ultimately involve large portions 
lung. The progressive tendency of the process 
Dably partly to be explained by the fact that 
ary fibrosis is a cause of bronchial dilatation, so 
rosis once estabUshed, by inducing further dilata- 

lolds' *' System of Medicine," vol. iii Article, Chronic 
lia. 
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^c^ is tiie ciiue of tlie fibroeis of the Inngs so oomnon 
among^ tliew workmen- The oontmnouB irritatkm of 
the inhaled paitklee induces a branchial and al?eolar 
indammation, and nhimately a progressive fibrosiB, wiik 
dilatatkm and nkeration of the branchL 

HisioLOGT, Jbc. — The appearances presented bj ti» 
long when the fibroeis is extensiTe and general are toj 
chazacteiistic.. The organ is diminished in siie; tlie 
tissne is smooth, dense, firm — ^in parts almost carti- 
laginous in consistence; and it is irregolarly mottled 
with bkck pigment. The alreolar stractore of the lung 
is in most parts completely destroyed, and on section the 
dilated bronchi are seen as nnmeious large openings 
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scattered over its surface. The dilated bronchi frequently 
become the seats of secondary inflammatory processes, 
which may lead to ulceration and ultimately to extensive 
excavation of the indurated tissue ; but there is a com- 
plete absence of any of those caseous changes which are 
so characteristic of ordinary phthisis. This secondary 
inflammation of the dilated bronchi is probably induced 
by the irritating and often putrid secretion which they 
contain, and which is only with great difficulty com- 
pletely removed by expectoration. The pleura is almost 
invariably considerably thickened and adherent. 

The histological changes may be described generally as 
consisting in the development of a fibro-nucleated tissue 
from the walls of the alveoli, from those of the bronchi, 
and from the interlobular connective tissue ; which new 
growth, as it increases, and from its tendency to contract, 
gradually replaces and obliterates the alveolar structure. 
The character of these changes, however, varies somewhat 
according to the inflammatory antecedents in which they 
originate. When the result of a croupous pneumonia, the 
primary, and usually the principal, change takes place 
in the walls of the alveoli (Fig. 116), although ultimately 
the interlobular tissue is involved. The alveolar walls 
become thickened by the growth of a small-celled tissue, 
in which, associated with the lymphoid cells, there are 
sometimes elongated fusiform cells such as are found in 
embryonic tissue which is undergoing fibroid development. 
The new growth in its earlier stages usually contains new 
blood-vessels, but later the tissue contracts, and these 
become to a great extent destroyed. The alveolar 
cavities which are not obliterated, are either empty, or 
contain exudation products or a few epithelial cells. In 
addition to the growth in the alveolar walls, I have met 
with, three cases in which intra-alveolar exudation pro- 
ducts were undergoing fibroid development.* There was 



• For one of these specimens I am indebted to Dr. Goodhart, who 
records the case in the *' Trans. Path. Soc. Lond,," vol. xx.^.^,?A. 
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nothing peculiar in the macrosoopical chamcten of fh 
Innga, but the alTeoli wore fotind filled with a fibrimnii 
meshwork and leacocytea somewhat eimilai' to tiutt met 
with in red hepatization. (See £^. 111.) G^ie^ diffend, 
howoTer, in tiiia reepect— that majLj of ih* oalli w* 
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InlfrttiHal Fnamfmia. F™m a case of so-called "cir- 
rhosis" of the lung, in which the disease was nnilateral, 
Tho bronchi wore much dilated, snd there was a complete 
absence of any caseoue cliange. The drawing shows the 
now fibro-DUclcated growth, both in tfac alveolar walls and 
iu tho interlobular tissue, also the pigmeutadon. At a i 
divided vessel is seen. " lOO.* 

long and epindle-shaped, and blood-veHHela were fc 
trihuted amongst them, which blood-TeBaelfl commnnicated 
with thoMO in the alveolar waile. (Figs. 117 and 11&) 
The alveolar walls were also thickened by a fibro-nncleatri 
growth. It was therefore perfectly obvious that in thew 
lungs tho products of a previous acnte croupous pneU' 
monia were becoming vasoularised and undergoing ds- 
velopment into a fibroid Btructure, and that this intrt- 
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rio. 117. 




Chnmie Pneamenla. TaioulariBation Rod fibroid development 
rf intcft-ftlveolar eiudation products. Blood-vessels are seen 
distribnted Id the exudation products, which blood-TeBsels 
oommiinicato vith those Id the alveolar wsUa. The alveoliir 
mile are also thickened b; a fibro-aucleated growth, x lOO. 
and rednced i. 

Tia. lis. 




.._ A portion of the intrR-alvaolar 

ezodttion prodoots (Fw 117) more highly maKnifled. 
Bhowing the eloi^ted apindls cells, the fibrUlation, 
and lh» blood-TeiselB containing blood-corposclegL 
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alveolar change was the principal cause of tlie fibroid 
indnration of the organs. 

When the fibrosis is secondary to an ordinary broncho- 
pneumonia or to that induced by the inhalation of 
irritating soM particles, the new growth also originates 
principally from the alveolar walls. Here, however, the 
growth in the earlier stages is less uniform and the peri- 
bronchial and interlobular connective tissue play a more 
prominent part in the process. 



CHAPTER XLII. 

PULMONARY PHTHISIS. 

^Y pulmonary plitliisis is understood a disease of tlie 
ixings which is characterised by progressive consolidation 
0{ the pulmonary texture, and by the subsequent soften- 
ing and disintegration of much of the consolidated tissue. 
Ifeespecting the nature of the morbid processes which lead 
^ix> this consolidation and disintegration of the lungs — 
-rarious opinions have from time to time been held by 
pathologists, and this diversity of opinion exists to some 
extent even at the present day. According to the older 
'views, which were based upon the teaching of Laennec, 
"phthisis was regarded in all cases as a tuberculous disease. 
Tubercle was looked upon as a specific non-inflammatory 
growth which was characterised by the caseous degene- 
ration which it invariably underwent (see " Acute Tuber- 
culosis"), and this caseous metamorphosis was held to be 
such a distinguishing peculiarity of the growth that all 
caseous masses came to be regarded as tuberculous, and 
phthisis, in which caseation plays such a prominent part, 
was consequently regarded as a tuberculous disease. The 
various consolidations of the pulmonary tissue were de- 
scribed as "infiltrated tubercle," and tubercle in some 
form or other was regarded as so essential a constituent 
of the disease, that " phthisis" and " pulmonary tuber- 
culosis" came to be synonymous terms. 

These older views respecting the nature of phthisis 
have undergone various modifications during recent years. 
When the application of the term " tubercle" became 
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limited by Vircliow and his followers to the grey pfrann- 
lation, it was evident that such views were no longer 
tenable, and at the present time many, in accordance 
with the advocacy of the late Professor Niemeyer, regard 
tubercle as only an occasional element in the causation of 
the disease. In considering how far tubercle plays a part 
in the production of phthisis, it must be borne in mind 
that this growth is now known to be an inflammatory 
one. The miliary lesions which are commonly known as 
tubercular, are the anatomical results of chronic inflam- 
matory processes limited to small circumscribed areas; 
and although they consist in the main of a small-celled 
lymphoid tissue, they present certain differences in their 
histological characters, according to the structure of the 
organ in which they originate. (See " Acute Tuberculosis.") 
In the lungs it has been seen that they consist not only 
of that lymphoid tissue and branched cells which is so 
characteristic of tubercular lesions, but also of accumn- 
lations of epithelium within the pulmonary alveoli. (See 
" Tuberculosis of the Lungs.") 

Histology of Phthisis. —The histological changes in 
the lungs which occur in pulmonary phthisis are similar 
to those which are met with in these organs in acute 
miliary tuberculosis. They differ mainly in this respect- 
that whilst in the latter disease these changes are usually 
limited to small areas (hence the miliary character of the 
lesions), in the former they commonly involve much wider 
tracts of tissue. 

In studying pulmonary phthisis, it will be advisable in 
the first place to describe the various structural changes 
which are met with in the lungs, together with the more 
important alterations which they produce in the physical 
characters of the organs ; and subsequently to examine 
into the nature of the morbid processes upon which these 
changes depend, and to draw some general conclusions 
respecting the pathology of the disease. 

The structural changes laet mth in the lungs in phthisis 
are mainly of four "kmda ;— \a^% Au act'vwKwxX.o&.vi'w. ^^ ^ 
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fi^ZiaZ eeUg vnthin [the pulmonary alveoli; 2nd. TkeprS' 
tence within the dlveoU of a fihrinouB eautdation and Ie«- 
eocytes ; 8rd. A eelltdar infiltration and fkiekening of the 
tUveolar xhoUb, together with, in most caeea, a similar 
change in the waUe of the terminal bronchioles ; and 4tli. 
An inorease tn the interlobular connective tissne. These 
four kinds of morbid change are verf couataittlj aeso- 
ciated, altliongli in very difiereut degrees ; and some of 
them are more promineDt and cbaracteristic than others. 
The preponderance of one or other of them prodncea 
those ToriationH in the physical characters of the langa 
which are met with in the different stages, and in the 
different varieties of the disease. These varions structural 
changes must now be considered separatelj. 

1st. An accivmulaiion of epitheUal cells within the 
pulmonary alveoli. — This la one of the moat frequent 
changes met with in phthisis, and is preciselj similar to 
that which has been already described as occurring in 




Showing one of iho alveoli llUed v 
alveol&r wall. 



epithelial clsmenta^aDd marked cellular infiltraaon of the 
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.ilat in those tra^te of tdssne in wliicli the procesB la 
>Bt advEmoed all trace of etractore is lost, and nothing 
seen bat a gianolar d§bria. These changea are pre- 
«lj anatogona to those met with in manj of the larger 
dolar leeionB of acute tnbercnloBie. (See Pigs. 73 
id 74.) 

2nd. Ths jweeence wi&im the alveoU of a fibrmout 
nidation and leaeocytee. — This is leas frequent than the 
(Fig. 121.) The exudation products are 




nilar to those which fill the alveoli in ordinary croupona 
lenmonia, {See Fig. 111.) The coagnlnm, however, ia 
oaUj not HO ebniLdaiit, neither is the fibrillation quite 
distinct. In the Taost acnte forma of phthisis this m&j 
nstitute the principaJ cause of the pnlmoDar; consoh' 
tion, but more commonly it is associated with more or 
la epithelial proliferation. 
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The appearances presented by the Inngs in those cases 
in which the pulmonary consolidation is mainly due to 
the m^ra-alveolar changes above described are very 
characteristic. The consolidated tissue is quite soft and 
friable, breaking down very readily under the finger, and 
there is a completei absence of any induration. The con- 
solidation, although frequently almost uniform, some- 
times presents a somewhat lobulated outline, indicating 
the implication of different groups of the pulmonary 
lobules. The colour varies from a reddish to a yellowish 
grey, and scattered through the consolidated mass are 
often small portions of a more decidedly yellow tint 
These latter correspond with those parts in which the 
retrogressive changes are the most advanced, and they 
are even softer in consistence than the surrounding 
tissue. In many parts the consolidated tissue will be 
found broken down, so as to form cavities of various 
sizes. These always possess irregular walls, which are 
quite soft and friable, like the solid tissue which surrounds 
them. 

3rd. A cellular infiltration a/ad thickening of the alveolar 
walls, together with, in most cases, a similar change in the 
walls of the terminal bronchioles. This is very constantly 
associated with the former intra-alveolar changes, and it 
must be regarded as the most characteristic phthisical 
lesion, although its extent varies very considerably in 
different cases. The change is precisely similar to that 
which has been already described as occurring in acute 
miliary tuberculosis. In its earlier stages a few small 
lymphoid cells are seen infiltrating the alveolar septa, 
which are thus slightly thickened. (See Figs. 119 and 
121.) As the change proceeds the number of these cells 
increases, and from them an imperfect fibro-nucleated 
structure is developed, which in some parts very closely 
resembles adenoid tissue. (Fig. 122.) This structure con- 
tains no new blood-vessels. As this new tissue develops 
in the alveolar walla it g;radually obliterates and replaces 
the alveolar cavities, ao ^i5aa.t ^\5Ska\»*xa. ^on^a ^-tNassv^a. tha 
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Iveoli may be found atill containmg epitlieliaJ 
udation prodactB, or even giant cells, in othera 
will be Been, consisting almost entird; of the 



I growth. The development of this new non- 
isue in the alveolar walls leads to the partial, 
iplete, obliteration of the pulmonary capillaries, 
jill be seen subsequently, constitutes an im- 
jment in the causation of the retrograde 

iges which may Bubseqnently take place in 
ir growth vary. The infiltrated septa may 
3ak down before any marked thickening or 
it of new tissue has had time to occur; whilst 
LB acute cases, there is a considerable develop- 
the imperfect fibro-aacleaite^ \Afisa&, '?Out^^ 
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ahiioiigli it maj remain as a more or less permanent 
stractme, osuallj owing to insufficient vascular supply, 
undergoes in its tnm retrogressiye metamorpliosis. 
Tliese two kinds of change are very often found taking 
place simnhaneonslj in different portions of the con- 
solidated long. In those portions in which the new tissne 
is ondergoing degeneration, it, together with the cells 
which may be contained within the alveoli, will be seen 
to have become converted into a stmctnreless grannlar 
debris, whilst perhaps in immediate vicinity to these 
more d^enerated portions will be fonnd a more perma- 
nent fibro-nndeated strnctore. 

Bespecting the alteration which the growth of tliis 
small-ceUed tissne produces in the physical characters of 
the Inngs — ^it may be stated generally, that it usually 
leads to more or less induration of the pulmonary textore. 
The extent of this induration, however, will vary accord- 
ing to the characters of the new tissue. If the tissue be 
ahnost entirely cellular, such as is the case when it is very 
rapidly developed, it will produce but little, if any, indu- 
ration of the pulmonary consolidation, which, consisting 
mainly of the intra-alveolar accumulations, will be soft 
and friable in consistence, much resembling that which 
has been already described. "When, on the other hand, as 
is more frequently the case, there is any considerable 
development of the imperfect libro-nucleated growth, or 
its reticulum is dense and abundant, there will be a 
corresponding induration of the consolidated tissue. In 
many cases these changes produce uniform tracts of 
indurated consolidation of a greyish colour mottled with 
black pigment, in which there may be scattered here and 
there yellowish patches corresponding to those portions 
which have undergone retrogressive fatty changes. 

4th. An increcKie in the interlohidar connective tissue.— 
This is met with, to a greater or less extent, in all the 
more chronic forms of phthisis. This tissue, which sur- 
rounds the bronchi and blood-vessels, and contributes to 
formation oi t^^ ^n^oYl, \a ^c.^xIid not only increased 
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i, but also altered in character. In the earlier 

its deTelopiDent, whea it contains aomerons 
s, although many parts of it may resemble the 
a the alveolar walls, its etmctare is more like 

with B,H the resnlt of chronic indnratiTe pro* 

other organs. It has a mach greater tendency 
le developed into a fibroid tissue than the 
prowth, and is rarely the seat of those retrograde 
vhich are so frequent in the tissne originating 
'eolar walls. As nsnally met with, it cousistB 

wavy fibres or of a more or less reticulated 
, with a varying number of round, spindle- 
^ branched cells. (Fig. 123.) Associated with it, 

Fio. 128. 




onic Phthixix. Showing the new interlobular fibroid 
b Burronnding and enoanau1»tin(- a dogoneratfid and 
IS portiou of the consolidated luDg. x 50, reduced \. 
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in most cases, are grannies of black pigment. These dif* 
ferences in the pathological tendencies and strnctnre of 
the alveolar and interlobular growths are mainly owing 
to differences in the amount of their vascular supply. 
Whereas in the former the vessels become obliterated in 
the manner already described, in the latter this oblitera- 
tion is much less complete or entirely wanting. In the 
most chronic cases of phthisis this interlobular growth 
may constitute the predominant structural change, and 
large tracts of the pulmonary texture may be found 
completely replaced by it. (See "Interstitial Pneu- 
monia.") 

An increase in the interlobular connective tissne in 
phthisis — inasmuch as the new tissue has so marked a 
tendency to become dense and fibroid — Pleads to extensive 
induration of the pulmonary texture ; and further, owing 
to the contraction which the tissue tends to undergo, its 
growth ultimately produces a corresponding contraction 
of the diseased lung. In all those cases of phthisis in 
which there is either a marked thickening of the alveolar 
walls, or an increase in the interlobular connective tissue, 
any cavities which may exist in the consolidated and 
indurated tissue are characterised by the tough and 
fibroid cliaracter of their walls, these presenting a marked 
contrast to the soft friable tissue which surrounds the 
cavities in those cases in which the pulmonary consolida- 
tion is mainly due to intra-alveolar changes. 

Ch(fnges hi the Bronchi. — Allusion must now be made 
to certain changes in the bronchi. These tubes are 
invarialjly more or less involved in pulmonary phthisis. 
Some catarrh of the bronchi is constantly present in 
phthisical lungs. The catarrh is sometimes general, hut 
much more commonly it is limited, and more strictly 
confined to such portions of the lung as are becoming, or 
have already become, consolidated. In many cases there 
is a marked tendency of this bronchial catarrh to lead 
to extensive cellular infiltration of the deeper structures 
of the bronchial Yj^CiiL. T\na is ^^^ecially the case in the 
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ofnloxLS. (See "Scrofulons Inflammation," Fig. 63.) 
is cellular infiltration sometimes leads to the prodnc- 
a of small nlcers. These have thickened opaqne edges, 
i when once formed they tend to increase. In addition 
these changes in the bronchial mncons membrane, 
ire is oft^n a cellular infiltration of the peri-bronchial 
me, and here small nodules of new growth are fre- 
mtly met with — especially around the smallest bronchi. 
B development of these nodules is probably due to the 
nsmission of infective substances by means of the 
iphatics from the bronchial mucous membrane (tuber- 
3sis). 

*ATHOLOGY OP PHTHISIS. — ^Having thus briefly described 
various structural changes met with in the lungs in 
.hisis, it remains to consider the nature of the morbid 
cesses upon which they depend. In the first place, it 
vident that these changes are analogous to those which 
e been seen to occur in the several forms of pulmonary 
animation. The fibrinous exudation and leucocytes, 
L the accxmaulation of epithelial cells within the alveoli 
sroupous and catarrhal pneumonia, with, in the more 
onic cases, the ultimate infiltration of the alveolar 
lis ; and the increase in the interlobular connective 
me which characterises the interstitial process, closely 
emble the phthisical lesions. These considerations, 
•ether with those derived from the study of the etiology 
the disease, are sufficient to justify the conclusion that 
) morbid processes which lead to the consolidation 
i subsequent disintegration of the lung come within 
5 category of inflammation, and tliat the differences in 
5 histological changes to which they give rise are 
inly due to differences in the intensity, in the duration, 
d in the mode of origin of the inflammatory process. 
En considering the causes of these differences in the 
jtological changes in the lungs, it is important to bear 
mind what has been already stated respecting the 
nations in the character of the textural alterations in 
lammation which are produced by differences in the 
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intensity' and dnratioii of the inflaminataiy proeen^ 
''Yarietiee of Inflammation.") Wben atadying tlupfo- 
cess of inflamwiatiofn, it was seen that the moit iutaiie 
forms of the prooees were dhaiaoteriaed hj ibuidul 
fibrinons exadation and emigration ; whereas in laSm' 
mations of less intensify, the textnral dianges plsfsda 
more prominent part. These textoialohanges also vtziad 
according to the intensity of the inflammation. In the 
least severe and most chronic forms, these bhangeiiflnded 
to be limited to the elements immediatelj adjacent to the 
blood-Yosseb and lymphatics, whereas in inflflininitiniHi 
of somewhat greater intensity more distant elemeoti bo- 
came involved. Further, whereas in the former case fheie 
changes nsoally resulted in the formation of a smalkaDed 
tissne which tended to become fibroid, in the latter, i^ 
more distant elements — being in most oases incapable of 
farther development — tended to undergo retrogmiifv 
changes. In the lungs, the truth of these propoaiiiifiDi 
was borne out by the differences which were seen to east 
in the histological characters of the lesions in the various 
forms of ptOmonary inflammation, and also in acute 
inbercidosis. 

If the pathology of these inflammatory processes in 
the lungs be kept in view, the explanation of the difie- 
rences in the histological characters of the lesions in pul- 
monary phthisis becomes tolerably evident. In those 
cases in which the inflammatory processes are of slight 
intensity and of long duration, the most marked struc- 
tural change will consist in the development of a small- 
celled growth in the alveolar walls and in the interlobular 
tissue — a growth which tends, more or less, to become 
developed into a fibroid structure ; whereas in those cases 
in which the inflammation is of greater intensity fibrinous 
exudation and emigration, and proliferation of the alveo- 
lar epithelium, will constitute more prominent parts of 
the process. 

The intensity of the inflammatory process not only de- 
termines to a great es^nt \»\i<^ histolo^cal charact^ of 
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le pulmonary consolidation, but also the subsequent 
langes which take place in it. In those cases of phthisis 
L which the intensity of the inflammatory process is con- 
derable, not only do the epithelium and exudation pro- 
lets which have accumulated within the alveoli quickly 
^generate and break down, but any small-celled tissue 
hich may have been developed in the alveolar walls or 
round the terminal bronchioles also softens and dies, 
ttd thus the vitality of large tracts of the pulmonary con- 
>lidation may become destroyed. In those cases, on the 
l^her hand, in which the process is less intense, the small- 
jlled growth produced in the alveolar and bronchial 
alls is more permanent, and there is an increase in the 
iterlobular connective tissue. It is these two kinds of 
lange, the one tending towards death, and the other to- 
ards progressive development, which produce the casea- 
on and softening on the one hand, and the induration 
a the other, which associated in such various degrees, 
Lake up the diverse physical characters of the phthisical 
mg. 

These various secondary changes which may take place 
I the pulmonary consolidation of phthisis must be con- 
idered more fully. They are of three kinds — resolution, 
Bvelopment into an imperfect fibroid tissue, and retro- 
rade metamorphosis. 

Besolution. — Much of that consolidation of the lung 
hich is the most rapidly induced, and which is conse- 
aently owing to the presence of intra-alveolar exudation 
latter, may become absorbed. The resolution of the con- 
)lidation may thus be complete, or after the absorption 
E the intra-alveolar products there may remain more or 
(ss infiltration of the alveolar walls. 

Fibroid Development. — This, as has been seen, may 
ike place in the growth in the alveolar walls, and also in 
le new interlobular tissue. The tissue which originates 
1 the walls of the alveoli, however, being for the most 
art destitute of blood-vessels, is incapable of forming a 
ery mature structure, although it may become dftveloi^^d 
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into an imperfect adenoid-like tissue, which may remain 
for some time permanent, and so contribute to the indn- 
ration of the lung. In the new interlobular tissue, there 
is not the same interference with the vascular supply, and 
hence this forms a much more fully developed and per- 
manent structure, and it is the principal source of the 
pulmonary fibrosis. The extent of this fibrosis is, for the 
most part, in direct proportion to the chronicity of the 
disease. 

Retrograde Metamorphosis. — It is this kind of change 
which leads to that caseation, softening, and disintegra- 
tion which is so characteristic of phthisis, and which dis- 
tinguishes phthisical from other forms of pneumonic 
consolidation. A retrograde change in the inflammatory 
products is an invariable accompaniment of acute non- 
phthisical pneumonia. Much of the exudation matter and 
epithelium which fill the alveoli undergoes fatty and mucoid 
changes, and as the circulation becomes restored in the 
pulmonary capillaries, the degenerated products are ab- 
sorbed, and the lung remains intact. In phthisical con- 
solidation, however, this removal of the inflammatory 
products does not take place. The contents of the alveoli 
degenerate, but the degenerated products are not absorbed, 
and the consolidated lung undergoes a rapid or gradual 
process of disintegration. 

In studying the causes of this retrograde metamor- 
phosis, which constitutes so essential a feature of the 
disease, it is undoubtedly principally due to conditions 
interfering with the circulation. Of these conditions, 
that which occupies the most prominent place is that 
cellular infiltration of the walls of the alveoli and smaller 
bronchi which is such a constant though very variable 
factor in phthisis. It has been seen that this infiltra- 
tion is especially characteristic of scrofulous inflamma- 
tions, and that it occurs in a modified form in those who 
are not markedly scrofulous, and also in all pulmonary 
inflammations which become chronic. When the infiltra- 
tion is marked, au^i esip%c\aX\.^ ^^i^ti t^^\$^^ \a.^<5ftd^ the 
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feet of tlie pressnre whicli tlie young cells exercise upon 
le pulmonary capillaries is to obstruct tlie circulation, 
id so not only to prevent the absorption of any intra- 
veolar products, but also to lead to necrotic changes. 

There are two other conditions which, although of less 
aportance than the preceding, also tend to interfere 
ith the circulation, and so to cause necrosis. These are 
le pressure which is exercised upon the pulmonary 
ipiUaries by the inflammatory products which have 
ccumulated within the alveoli, and that tendency to 
bagnation of the blood-stream which is an invariable 
Dcompaniment of every acute inflammation. The opera- 
xm of these conditions obtains in the most acute forms 
I phthisis. 

In addition to the interference with the circulation, an 
nportant element in the causation of the retrograde 
banges of phthisis is probably that inherent weakness 
r the lungs (usually inherited), which not only renders 
lem especially susceptible to injury, but also, when in- 
ired, renders them abnormally incapable of recovering 
lemselves from the inflammatory process which has 
een induced. 

In many cases of phthisis also, especially in the more 
ironic forms, secondary inflammation and ulceration of 
le pulmonary consolidation, resulting from the injurious 
ifluence of retained secretions and inflammatory pro- 
acts, constitutes an important factor in the causation 
F the destruction of the lung. 

Etiology op Phthisis. — In studying the etiology of 
[ithisis it will be necessary to consider, in the first place, 
lat inherent pulmonary weakness which exists so fre- 
lently in this disease ; secondly, to examine into the 
veral methods by which injuries may be inflicted on 
e lung in such a way as to set up an inflammatory 
•ocesa ; and lastly, to point out in what way the occur- 
nce and progress of the disease are influenced by the 
>neral health of the individual. 
Inherent pulmonary weakness^ usually inherited but 
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often acquired, exists in a large proportion of the cases 
of phthisis. This weakness not only renders the lungs 
abnormally susceptible to the various kinds of injurious 
irritation, but also makes them less capable thaji /strong 
lungs of recovering themselves from the effects -of the 
inflammatory process which the injury has produced. 
Inherent pulmonary weakness is most frequently, but by 
no means always, a part of that general constitutional 
state known as scrofula, in which the mucous membranes 
generally, and especially that of the respiratory organs, 
are so abnormally liable to become inflamed. 

Inflammatory 'processes may he induced in the lungs 
by — 1st, injuries inflicted upon the surface of the body ; 
2nd, by injuries inflicted through the medium of lie 
bronchi ; and 3rd, by infection. 

By injuries inflicted upon the surface of the body I 
mean that general chilling of the surface which results 
from exposure to cold. That this is a frequent cause of 
bronchial and pulmonary inflammation is well known. 

A more important agent in the production of phthisis 
than the preceding is the injurious irritation of the lungs 
through the medium of the bronchi. The bronchial 
mucous membrane, communicating as it does with the 
external air, is especially liable to injury, and the extreme 
frequency with which the development of phthisis is pre- 
ceded or accompanied by successive attacks of bronchial 
catarrh is a well-established clinical fact, the important 
bearing of which upon the successful treatment of the 
disease it would be diflBcult to over-estimate. In consi- 
dering bronchial catarrh as a cause of phthisis it is im- 
portant to bear in mind how greatly the occurrence and 
character of this catarrh are influenced by the existence 
of scrofula. 

In other cases injuries inflicted through the medium of 
the bronchi appear to exercise their influence directly 
upon the inner surface of the air- vesicles without pro- 
ducing any inflammation of the bronchial mucous mem- 
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This IB probably a very important vaj in which 
injuries canee phthisical consolidation of ^e lung, 
e prominent position which these injnneB inflicted 
igh the medinin of the bronchi occupies in the 
ition of phthisis is shown bj the fact that the 
consolidation m this disease is, for the most part, 
ated in its distribution Groups of air vesicles com- 
cstiug with the terminal bronchioles become impli- 
, and thus are produced lobular lesions (Fig. 124.) 




_. wing the lobolftt«dcharactero_ .__ , „ ... 

^lidatioQ, b, cavity of bronchus coutalniDg a little 
ououB. V, a blood-veeael. « 50, reduced J. 

lobnlated dirtribntion of the phthisical consolidatn'on 
ceedingly characteristic, and even in tlioae acnt« 
, in which, owing to the rapid and eitenaive imph- 
1 of the lung, the consolidatioa may to the naked 
ppear almost uniform (like a croupons pneumonia), 
licroscope will usually reveal a lobular character. 
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The last method by which iujuries may be inflicted 
upon the longs is by means of infection. This infection 
is precisely siniilar to that which has been already de- 
Bcribed as cansing general tuherculosia. By it ia nnder- 
Btood the property possesaed 1)J certain inflammatory 
products — especially by those which have become caseoDB 
— ot inducing secondary inflammatory processes in other 
parts. Limited tuheroulosis differs from the general 
disease only in the extent to which the infective mat«rialj 
are distribntod. Whereas in the general affection the 
disaemination of the infective substances takes place 
principally by means of the hlood-voaaels, in. the more 
limited processes the dissemination ia effected by meam 
of the lymphatic vessels or serons canals. In the laag>. 
limited infective processes are eiceedingly common in 
phthisis, and they give rise to many of the niiliaij 
nodules of induration which are so frequently mat witl 
in phthisical lungs. The source of infection in these 
caaea ia usually some caseons induration already exiatisg 
in the Inng, so that the infective process usually sapa- 
venos upon pre-existing phthisis. 

There remains still one other factor which has a most 
important iufluenoe upon the causation of phthiEin— ti< 
general health of the individual. That the development 
and progress of phthisis is greatly influenced by the staW 
of the general health li well known. That this should 1« 
HO will he readily understood it the inflammatory natnr! 
of the disease he kept in view, inasmuch aa, in all caaUt 
the susceptibility of a living tissue to injury is, cielerif 
paribus, greater, and the power of recovering itself troiB 
the effect of the inflammation less, the lower the standard 
of the general health. 

Varieties op Phthisis. — In conelnaion, allusion must 
be made to the different varieties of pulmonary phtbiaia. 
How far ia a snbdiviaion of the disease into different 
pathologica.1 varieties admissible P Althongh the varia- 
tions observed in the physical characters of phthisical 
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lungs and also in the clinical history of the disease, have 
led to its subdivision into different kinds, it appears to 
me that there are no pathological grounds for any such 
subdivision. The variations observed in the clinical his- 
tory of phthisis and in the physical characters of 
phthisical lungs are, I think, mainly to be ascribed to 
variations in the duration and intensity of the inflam- 
matory processes which give rise to the pulmonary con- 
solidation, and also to the parts which primary pulmonary 
inflammation, bronchial inflammation, and infection play 
respectively in the causation of the disease. 



CHAPTER XLIII. 

CHANGES IN THE BLOOD AND CIECULATION. 

HYPEREMIA. 

Hyperemia, or congestion, is excess of blood in the more 
or less dilated vessels of a part. Whatever increases the 
pressure of the blood, or diminishes the resistance of the 
vessels, may be a canse of hypernsmia. Hyperaemia is 
axitive or arterial, and mechanical or venoiis. These two 
varieties must be considered separately. 

ACTIVE HYPERiEMIA. 

Active hyperaemia is an excess of blood in the arteries 
of a part, with, in most cases, an acceleration of the flow. 

Causes. — The causes of active hyperaemia may be 
divided into those which increase blood-pressure, and 
those which diminish arterial resistance. 

1. Increased Blood-pressure. — This occurs most com- 
monly from interruption of the main current of blood in 
any particular part, owing to which increased pressure ia 
thrown upon the collateral vessels. These vessels thus 
become dilated, the amount of blood in them is increased, 
and the flow is accelerated. This, which is known as 
collateral hypercBmia, is seen after the obstruction of the 
main current from any cause, as from the ligature of the 
vessel, or from its occlusion by a thrombus or embolus. 
(See " Embolism.") 

Greneral obatTuction. m tha capillaries of a part will in 
the same way caase a compe*XL^^\^x3 Vy^-tsKossa.. ^^^cm^^ 
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exemplified by the application of external cold causing 
contraction of the superficial capillaries and congestion 
of internal organs ; and by obstruction of the capillaries 
in one part of an organ causing hypersemia of the parts 
adjacent. 

2. Diminished Arterial Resistance, — This is much the 
most frequent cause of active hypersBmia. It may arise 
from — 

a. Relajxation or paralysis of the wall of the vessel. — 
The relaxation of the muscular coat of the vessels and 
their consequent dilatation, may be owing to — 1st, ex- 
ternal warmth ; 2nd, direct paralysis of the vaso-motor 
nerve ; 3rd, indirect paralysis of the vaso-motor nerve ; 
and 4th, changes in the walls of the vessel resulting from 
injury independently of the nervous centres. External 
warmth is a common cause of hyperasmia. This is seen 
in the effect of warm baths, fomentations, &c. 

The effects of direct paralysis of the vaso-motor nerves 
are seen in the active congestion of the head and neck 
which follows pressure upon the sympathetic in the neck, 
as by an aneurism; and in the unilateral congestion 
which results from experimental sections or disease of one- 
iiaff of the spinal cord. Some emotional conditions also 
are attended by paralysis of the vascular nerves and con- 
sequently by active hyperaemia : this is seen in blush- 
ng. Certain substances again taken internally produce 
^aso-motor paralysis, as the nitrite of amyl, alcohol, 
obacco, &c. 

Indirect or reflex paralysis of the vaso-motor nerves is 
Qost frequently due to irritation of sensory nerves. The 
Lilating action of the irritated sensory nerve is usually 
onfined to the region supplied by it. Of the numerous 
xamples of hyperasmia from this cause may be mon- 
ioned that which follows injury of the conjunctiva, the 
lyperaemias associated with facial neuralgias, and the 
)riapism that often results from irritation of the urethra, 
rhe hyperaemia of the skin, caused by friction and irri- 
ating substances, is also due to the &amQ c^w^q. 
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HypersBinia from the direct injury of the walls of the 
vessel independently of the nervous system, has already 
been described when speaking of vascular dilatation as 
the earliest change in the process of inflammation. In 
inflammation, the irritation is so severe as to cause not 
only dilatation of the vessel and accelerated blood-flow, but 
also a subsequent retardation of the circulation and 
exudation of liquor sanguinis and blood-corpuscles. (See 
" Inflammation.") If the injury be less intense or less 
prolonged in its action it produces simply dilatation of 
the vessels and increased rapidity of flow — i,e, active 
hyperaBmia. 

/3. Sudden removal of extemaX 'pressure, — The sudden 
removal of external pressure from vessels is followed by 
their dilatation, and consequently by hyperaemia. As 
examples of hyperaBmia from this cause may be mentioned 
that which results from dry cupping, and from the 
sudden removal of ascitic fluid, and of the fluid from a 
hydrocele. 

y. Atony of the walls of the vessels from mal-nutrition,—' 
This is a much less important cause of hyperaemia. 
Fatty degeneration of the muscular and internal coats of 
the smaller arteries may, however, in some cases lead to 
their dilatation, and thus be a cause of active hyperaemia* 

Results. — The results of active hyperaemia are princi- 
pally such as might be expected to follow from an increase 
in the amount of the arterial blood, and in the rapidity of 
its flow, in any particular organ or tissue. There is 
increased redness and pulsation, a sensation of throbbing 
being often experienced by the patient. There is also 
some increase in bulk. The temperature at the same 
time undergoes a marked elevation, sometimes as much 
as 3° Cent. Serous effusions, haemorrhage, and throm- 
bosis — so common as results of mechanical hyperaemia — 
are rarely met with. If the hyperaemia be of long dura- 
tion, the small arteries become permanently enlarged, 
their walls gradually t\i\ckeTi, and the peri- vascular con- 
nective tissue may mcT^^ua^. ^uxioMviTi. xaarj ^ ^-t ^asa^ ^oai^ 
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be interfered with. It is in the nervous centres tliat 
fanctional. changes are most marked. They include great 
excitability, parsBsthesisB of sight and hearing, convul- 
sions, &c. In the skin, kidneys, and other secreting 
organs, the secretions are usually increased. 

MECHANICAL HTPEK^MIA. 

In mechanical hypersamia. the excess of blood is princi- 
pally in the veins, and the flow, instead of being accele- 
rated, is retarded. 

Causes. — The causes of mechanical hyperasmia are 
such as interfere with the return of the blood by the 
Teins, either by directly impeding its exit from any vein 
or system of veins, or by diminishing the normal cir- 
culating forces. They are — 

1. A direct Impediment to the Return of Blood hy the 
Veins, — This is the most fertile cause of mechanical 
hypersemia. Any obstruction to the return of blood by 
the veins is followed by distension and impeded flow 
behind the obstruction. The congestion of some of the 
abdominal viscera which results from the obstruction to 
the portal circulation in cirrhosis of the liver ; that of the 
lung in mitral constriction and regurgitation ; that of the 
systemic circulation in insufficiency of the tricuspid valve ; 
and that of the lower extremities from the pressure of the 
gravid uterus on the iliac veins, are a few of the numerous 
familiar examples of mechanical hypersBmia from this 
cause. 

2. Gravitation. — This becomes an important auxiliary 
in the production of hyperaemia in disease, especially 
when it is associated with diminished cardiac power. 
The effect of gravitation in determining congestion of the 
most dependent parts is exemplified in chronic exhaustive 
and in many of the acute febrile diseases, in which the 
nutrition generally becomes impaired, the heart's power 
weakened, and in which the patient is unable frequently 
to change his position. The integuments of the back, and 
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tlie posterior portions of the lungs, are the parts which 
are thus most frequently affected. 

3. Increased Local Resistance. — This results from dis- 
eased conditions of the arterial walls, owing to which they 
either lose their elasticity and contractility and thus 
their power of equalising and regulating the blood-flow, 
or become considerably enlarged. In either case the cir- 
culation will be impeded, there will be an accumulation 
of blood and retardation of flow in the veins beyond, and 
the veins themselves will gradually become relaxed and 
dilated. Such conditions may arise from simple atony 
of the arterial walls, or from atheromatous, fatty, or 
calcareous changes. They are most common in advanced 
life. The part they play in the production of senile 
gangrene has been already alluded to. (See " Senile 
Gangrene.'*) 

4. Diminished Cardiac Power. — This is one of the most 
important causes of mechanical hyperaemia, especially 
when it is associated with any of the preceding ones. The 
motor power of the heart becomes impaired in many of 
the chronic exhausting diseases, also in the acute febrile 
diseases, as in typhus and typhoid fever, and in all those 
conditions of degeneration and softening of its structure 
which lead to the dilatation of its cavities. In whichever 
of these ways the vis a tergo is diminished it will tend to 
produce venous hyperaemia. 

Results. — Long continued mechanical hyperaemia leads 
to impairment of vitality and function. The tissues 
gradually atrophy and undergo retrogressive changes, 
although from the amount of serosity and blood which 
they contain their size and absolute weight may be in- 
creased. Their temperature becomes lowered. The most 
important results, however, of this variety of hyperaemia 
are transudation of serum, hcBmorrhage^fihroid induration, 
thrombosis, and gangrene. 

1. Transudation of Serum. — This gives rise to oedema 
and dropsical effxiaiona. Its occurrence is greatly 
favoured by the atxetcVsMiig oi VX^a -^^iJ^^^ ^1 *Owi ^^^saala^ 



HYPERiEMIA. 383 

and by the damage which their stractnre sustains. The 

transuded serum usually differs from blood-serum in 

h&ng of lower specific gravity, and in containing more 

water and less of the solid constituents. The greater 

the pressure, the more nearly does the transuded liquid 

resemble the liquor sanguinis, and the greater is the 

amount of albumen which it contains. If the pressure 

be very great it may yield a fibrinous coagulum. In 

mucous membranes mechanical hypersemia gives rise to 

clironic catarrh. 

2. Haemorrhage. — This is another result of mechanical 
HyperaBmia. It usually occurs only when the obstruction 
to the venous current is very great. Those vessels which 
are the least supported are the first to give way. The 
luemorrhage into the stomach in cirrhosis of the liver, 
and into the lung in mitral disease, are familiar examples 
of hsBmorrhage from this cause. 

Not only does blood escape from the vessels by rupture 
of their walls in mechanical hypersemia, but the red 
blood-corpuscles pass through the walls of the capillaries 
into the surrounding tissues without rupture taking 
place. This passage of the red corpuscles through the 
capillary walls, which was discovered by Cohnheim, may 
be observed in the web of the frog's foot after ligature of 
the femoral vein. The corpuscles in passing through the 
vessel become constricted in their centre, so as to assume 
an hour-glass shape. This emigration only occurs when 
the obstruction is considerable. 

3. Fibroid Induration, — This, which is due to a gradual 
increase in the connective tissue around the blood-vessels, 
is one of the most important results of long continued 
mechanical hyperaemia. The interstitial growth leads to 
atrophy of the other structures, and thus to impairment 
of the functions of the organ. In the stomach, it produces 
atrophy of the glandular structures ; in the kidney, com- 
pression of the urine-tubes ; in the liver, obstruction to 
the portal circulation; in the heart, diminution in motor 
power. The alterations which this change produces in 
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the physical characters of the organs — viz. a hardness 
and induration associated with abnormal redness or 
pigmentation due to the excess of blood, are exceedingly 
characteristic. 

4. Thrombosis. — This, as a result of mechanical ob- 
struction, will be described in the following chapter. 

6. Gangrene, — This only occurs from mechanical hy- 
peraamia when the obstruction is very general and com- 
plete. It has been already described under the head of 
" Gangrene." 

Mechanic AX Hyperjemia op the Liver — ^Nutmeg 
LrvER. — Long-continued mechanical hyperaemia of the 
liver gives rise to the condition known as Nutmeg Liver. 
This is the condition which so frequently results from 
disease of the heart. The change is characterised by a 
large accumulation of blood in the hepatic veins, by dila- 
tation and thickening of these veins, by atrophy of the 
hepatic cells in the central portions of the acini, and by 
an increase in the interlobular connective tissue. The 
impediment to the return of blood by the hepatic vein 
leads to atrophy of the cells in the central portions of the 
acini and also to the formation of granular pigment, so 
that when examined microscopically, these portions of 
the acini are seen to consist of broken-down cells and 
granules of pigment. (Fig. 125.) The veins here are 
found much dilated and filled with red blood-corpuscles. 
Their walls are thickened, and there often appears to 
be also more or less thickening of the intercellular net- 
work which immediately surrounds the central vein. 
Owing to this thickening of the central veins and of the 
adjacent intercellular network, and to the destruction of 
the liver-cells, the most central portions of the acini, in 
advanced stages of the disease, may present a very 
fibrous appearance. At the peripheral parts of the adni 
the new interlobular growth is seen insinuating itself 
between the almost unaltered liver-cells. This new inter- 
lobular growth is usually distinctly nucleated, but for the 
most part, less so t\iaii ^iJCia^» xafc\» ^S&2s\. Sa^. ^Sa:t!asi^, Its 
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Qolai diaracter bae been eepeciallj insisted upon bj 
r, Wiokham Legg 

In the earlier stages of this afFection the liver la often 
i>nndembly increaaed m Bize from the large amount of 
Fra 12G 




Siilmtg Uver. Showing tbe deetraction of the liver- 
cells ftod the pigmenUtioa ia tbe central portiona of 
the acinus^ t^ether with the new growth of cooneclive 
tBnae at the periphery. V. Hepatic vein. P. PoHaJ 
ouial. K 50, (When the Bpeoimea is more highly 
magnified, the central hepatic vein and its tributari«a 
are seen to be filled with red blood-corpDBcleB, and 
their walls thickened. Tbe JnCercellular network 
which immediately surrounds it is also thickened, and 
the peripheral coimeotive tisane growth contaiue nu- 

lodwliicb it containe. On section, it presents a peculiar 
ittled appearance, the centre of the lobules being of 
lark rod colour, whilst tbe peripheral portions are of 
fellowiah-wbite. This latter appearance is often in- 
laeed by tbe presence of more or less fat in the peri- 
eml lirer-cells. Ultimately the oigtcu laa.'^ tx-a&KT^^ % 



386 CHANGES IN THE BLOOD AND CIRCULATIOH. 

gradual diminution in aize. Tbia ia due partly to the 
atrophy of the cells in the central portions of the lobule, 
and partly to the pressure of the interlobular growth. 
The interlobalar growth t«nds to cause obstruction to the 
portal circulation, as in cirrhoeia. 

Mechanical HvPEB^EMii op the Lungs.^ — In the lunga 

long -continued mechanical hypenemia produces that 

peculiar induration and pigmentation of the organs 

nhich is known as Brown Induration. This condition 

Fia. 126. 




Broipn Indur 
nnmbar of s»o 

»lVBolar walla, tlio increase of connective tissue arooDd tlie 
blood-vessel, a, and the lai^c quantity of pigment b. The 
alTsolar cavity. >■ 20U. 

most frequently results from stenosis and inanfficiencj of 
the mitral orilice. The alterations produced in the pnl- 
monary texture consist in the firat place of elongation 
and dilatation of the pulmonary capillaries, bo that even 
in uninjeetcd preparations the alveolar walla appear ab- 
normally tortuous. The epithelial cells lining the alveoli 
also become awoUen. and ijrobablj multiply, and Uuy 
are seen in. large nvim^iMft, H^R^.-^'Sti. i«.-^\sKs«'^ -^ 
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ment, covering the alveolar walls. (Fig. 1 26.) They fre- 
qDently accmnnlate within the alveolar cavities. These 
changes are followed by an increase in the interlobular 
connective tissue, by the formation of large quantities of 
brownish-black pigment, and often by a thickening of the 
alveolar walls. Sometimes the pulmonary capillaries 
Tuptnre and blood is eztravasated into the lung-tissue. 

Lungs in which these changes are at all advanced pre- 
sent a more or less uniform brownish-red tint, mottled 
^th brown or blackish-coloured specks and streaks. 
They are heavier and tougher than natural, less crepi- 
tant, and upon squeezing them the pulmonary tissue is 
^onnd to be denser and thicker than that of a healthy 
lung. 



PosT-MoRTEM Appearances of Hyper^imia. — The post- 
Dtortem appearances presented by hyperaemic organs and 
^saes vary considerably. Yery frequently parts which 
Were hyperaemic during life show no signs of it after 
^th. If the blood does not coagulate rapidly it passes 
on into the veins, and thus the recognition of arterial 
*ttd capillary hyperaemia very often becomes impossible. 
Tbe effect of gravitation must also be taken into account 
iu estimating hyperaemia. After death the blood natu- 
rally gravitates to the most dependent parts: — this is 
Been in the post-mortem congestion of the posterior por- 
tions of the lungs, and of the most dependent portions of 
the various coils of the intestine. The uniform redness 
of post-mortem staining again, must not be confounded 
'^th the redness of hyperaemia. In capillary and arterial 
liyperaemia, the colour is red, and the injection often 
presents the appearance of a capilliform network. If 
Very intense it may to the naked eye appear uniform, but 
a lens will always discover its capillary nature. When 
"the veins are the seat of the hyperaemia the injection is 
called ramiform, and the colour is dark blue. 

The anatomical peculiarities ia \iie ^^W^ks\iX»Y5rJi. ^1 \]okfe 



of long-^rtanding, tiie Idastie becomes pigmei 
atteu well seen in the stomacli ajid inteBtiiu 



CHAPTER XLIV. 

THROMBOSIS. 

[Bosis is a coagnlatioii of the blood within the 

^essels during life. This coagulation is owing to changes 

^ the walls of the vessel itself, or to impeded blood-flow. 

-^e coagnlnm is called a thrombus. It may form in the 

^eart, in the arteries, in the capillaries, or in the veins. 

-^t is much the most common in the last-named vessels. 

Thrombi must be distinguished from the coagula that 
^Orm after death, and also from those formed in the last 
foments of life which are so commonly found in the 
<^rdiac cavities. Post-mortem coagula are soft, and are 
often divisible into two layers, coloured and uncoloured ; 
tihey do not adhere to the walls of the vessel, and rarely 
fsompletely fill its cavity. The clots formed in the heart 
just before death constitute a connecting link between 
post-mortem coagula and thrombi. They are more or 
less decolorised, and are firmer in consistence and more 
fibrinous than post-mortem clots. They are not firmly 
adherent to the cardiac walls, but are often so entangled 
amongst the columnss camesB, chords^ tendinesB, and 
papillary muscles, that they cannot be quite readily 
separated. They appear to be the result of the mechani- 
cal defibrination of the blood by the cardiac contractions 
a little while before death; the contractions not being 
sufficiently strong to empty the cavities, some of the 
blood remains behind, and becomes "whipped up" and 
defibrinated. These clots are most common in the right 
cardiac cavities, and they often extend some way into the 
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pnlmonary artery, from which, however, they can very 
readily be removed. They are met with most frequently 
in those cases in which the death-strnge^le has been pro- 
longed, and in which there has been a gradual loss of 
power in the cardiac contractions. The proportion of 
fibrinogenons substance in the blood will also materially 
influence the extent of their formation. 

A thrombus, or ante-mortem clot, is firmer, dryer, and 
more fibrinous than either of the preceding, and it is 
adherent to the walls of the vessel. Its characters, how- 
ever, vary with its age, and with the circumstances under 
which it originates. When freshly-formed it is of a dark 
red colour and soft gelatinous consistence, closely re- 
sembling the post-mortem clot. It gradually becomes 
paler, dryer, less elastic, and more friable. If it is 
rapidly produced — as when the circulation is suddenly 
arrested in a portion of a vessel by the application of a 
ligature — the coagulum at once completely fills the vessel, 
and as it becomes firmer it maintains a more or less 
uniform structure. Thrombi, however, which have under- 
gone a slow and gradual formation, are rarely thus 
uniform in structure, but are made up of numerous con- 
centric layers, and so present a stratified appearance. 
This is owing to the coagulation taking place gradually 
upon the inner surface of the vessel, and to the white 
corpuscles adhering to the successive layers of coagulum. 
These corpuscles, from the property which characterises 
them of adhering to one another and to the sides of the 
vessels, and especially to any porous substances with which 
they may come in contact, cohere with the fibrinous layers 
as they are deposited ; so that ultimately the thrombus is 
made up of layers of fibrinous coagulum and white 
corpuscles more or less alternately and concentrically 
arranged. This gives to it a stratified appearance. 

The thrombus may completely or only partially fill the 
cavity of the vessel. In most cases, however, when coagu- 
lation has commenced, it proceeds until the vessel is 
obstructed, and 'wVien oiiCiQ >i}tC\^\i"aa ^^^xix^^d, the forma- 
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m of the thrombus continTies to extend in the conrse of 
e vessel until it meets with a cnrrent of blood strong 
tough to arrest its progress. Its ultimate extent will 
ins mainly depend upon the vessel in which it is formed, 
poa the size and situation of the collateral branches, 
nd upon the force of the circulating current. The 
irection in which the coagulation principally extends, 
liether in the arteries or veins, is consequently back- 
urds, from vessels of smaller to those of larger calibre ; 
U) formation of the thrombus continuing until it meets 
ith a current sufficiently strong to restore the circula- 
)ii, which in many cases is as far as the entrance of 
e Aext large collateral vesseL The end of the thrombus 
xt the heart is rounded and conical in shape. (See 
g. 129, c.) 

The thrombus when once formed either becomes 
janised or softens. 

Organisation, — ^This is most frequent in the uniform 
n-strati£led thrombi, and especially in those occurring 
arteries. The process consists in the gradual transfor- 
ition of the thrombus into connective tissue. A 
rombus which is undergoing a process of organisation 
idually diminishes in size, it becomes more and more 
colorised, firmer and more fibrous in consistence, its 
ion with the wall of the vessel becomes more intimate, 
d ultimately it becomes converted into a fibro-cellular 
rd. These changes are probably principally owing to 
e white blood-corpuscles which it contains. 
Soon after the formation of the thrombus the number 
young cells in it becomes greatly increased. In a 
mewhat more advanced stage the red blood>corpuscles 
nost entirely disappear, the clot becomes firm and 
mogeneous, and in addition to the small round 
iments, numerous anastomosing spindled-shaped cells 
ike their appearance. (Fig. 127.) The intercellular 
iterial then becomes fibrillated, the walls of the vessel 
come infiltrated with cells, and numerous new blood- 
ssels are formed which intersect the thrombus in all 
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directiona These veaselB commimicate with the cavitj 
of the thrombosed vessel and with its vasa Tasornm 
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SecHon qf a t ArieHal Thron bai Th rty-sfven Daj/s Old 
a. New bliMd Tessela. b LeucocjCes uid uiastomoBing 
cells (BiudflciBcb ) 

(Fig. 128.) The vascular fibrillat«d stmcknre into which 
the thrornhns has become organised f^adnallj tmdei^oes 
a, process of atrophj and contraction, the new vessels 
disappear, and nltimatelj it becomes converted into a 
fibro-cellular cord. In some cases it becomes calcified, 
and thns forms a pb]eboHth. 

Respecting the source from which the large nnmber of 
new cells which make their appearance in the thrombus 
are derived — it appears to be probable that they originate 
partly from the white blood-corpnecles, and partJy from 
the endothelial and connective-tissue cells belonging to 
the walls of the vessel. Recent researches tend to show 
that the endothelinm takes a promiuent part in the 
process. Whether, however, they are all of them the 
offspring of these elements, or whether some of tiem 
may not be leucocytes which have penetrated from with- 
oat, is unknown. From these small cells the elongated 
connective-tissue cells are produced. The exact source 
from which tbe fiaiHi^uiA. vel^tc^^-q^-i -Qla^KE^aI ia de- 



I— whothMthe intercelliilar ooagnlnm iteelf fibrillates, 
lather it dlaappeBra aad the fibres are derived ftom 
protoplasm of tlie ceUs—ia micertaia. 
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ening. — If the thrombaa does not become organised, 
ally undergoes a process of softening and lique- 
i. This IB most common in stratified thrombi, and 
illy in those oocnrring in the veins and heart. It 
lable also that in some cases the thrombus may 
e completely absorbed; a partial absorption is 
frequent. The softening usually commences in 
itre of the clot, and gradually extends towards the 
ference. The thrombus breaks down into a soft 
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pulpy material, which aometimes has the appearance of 
pounded cooked meat, and in other cases to the naked 
eye looks much like pus. Under the microscope, how- 
ever, it is seen to consist merely of albuminous granules, 
molecular fat, and more or less altered red and white 
blood-corpuscles. These changes in the clot are owing 
simply to its disintegration ; but it is probable that in 
some quite exceptional cases the thrombus may sup- 
purate, and that owing to the proliferation of the white 
blood-corpuscles which it contains it may become con- 
verted into true pus. Pus, it must be remembered, may 
also enter the softened thrombus from without. The 
whole of the thrombus may thus become softened, or the 
process may be limited to the more central portions, 
whilst the external layers become organised. Very fre- 
quently as the older portions of the clot are becoming 
disintegrated and softened, fresh coagulation takes place 
at its extremities. 

Thrombi maCy also become perforated by openings 
through which the circulation is re-established. This 
may occur in organised or partially softened thrombi, 
and constitutes what is known as canalization of the 
thrombus. 

Causes. — ^The causes of thrombosis are of two kinds— 
those which lead to a retardation of the blood-flow, and 
those in which there is some abnormal condition of the 
walls of the vessels or of the blood. 

1. Thrombosis from Betardation of the Blood-flow may 
result from — 

a. Interruption or narrowing of the vessel. — This occurs 
after the application of a ligature. Coagulation com- 
mences at the point of contact, and extends as far as the 
first large collateral branches, thus permanently closing 
the vessel. The laceration of the inner coat of the artery 
by the ligature, and the folds into which it is thrown, 
contributes very materially to the adhesion of the clot 
The pressure exercised by tumours, cicatricial tissue, 
extravasations oi \>\oo^, buixSl ^i\\a ^q^m^x^ ^<l ^-^^^^sel by 
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ilie impaction of an embolus, may in the same way by 
impeding or arresting the circulation cause thrombosis. 
Oreneral obstruction in the capillaries of a part also causes 
coagulation in the adjacent veins. 

13. Solution of the contmuity of the vessel, — The forma- 
tion of a thrombus after the division or tearing of a vessel 
constitutes the means by which hssmorrhage is imme- 
^tely arrested — ^there must be either thrombosis or con- 
iinuous haemorrhage. In the arteries, the severed end of 
^e vessel contracts and retracts within its sheath, coagu- 
ition commences around it and extends upwards as far 
J the first large collateral branch. In the veins hsBmor- 
lage is frequently arrested by the valves, and the forma - 
Dn of a thrombus will evidently depend upon the rela- 
te situations of the valves and collateral vessels. The 
emorrhage from the uterus after the separation of the 
acenta is arrested either by uterine contraction or by 
irombosis. 

y. Dilatation of the vessels, or of the hecurt. — ^The most 
miliar example of thrombosis from this cause is that 
hich occurs in an aneurism. The greater the amount of 
latation the greater is the retardation of the blood-flow, 
he coagulation commences at the sides of the vessel, and 
ay extend until it completely fills the cavity. Coagula- 
on from the same cause is not uncommon in the dilated 
lexuses of the prostate gland. In the heart, thrombosis 
most frequent in the auricles. It usually commences 
L the auricular appendix, where there is very little pro- 
ilsive power, and it may gradually extend into the auri- 
ilar cavity. It is also met with in the ventricles, com- 
only commencing here between the columnae carneae. 
d. jyiminished cardiac 'power. — This is a common cause 

thrombosis in the veins. The coagulation commences 
st behind the flaps of the valves, from which it gradually 
tends into the cavity of the vessel. This appears to be 
ring to the force of the current not being sufficiently 
rong to completely open the valves, and the blood con- 
iquently stagnates and coagulates behind them. The 
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crural and iliac veins, the venous plexuses of the back, 
and the cerebral sinuses, are the situations in which 
thrombosis from this cause is most frequently met witL 
It occurs in the course of many chronic exhausting dis- 
eases in which the cardiac power becomes diminished, and 
is especially frequent in phthisis, cancer, &c. The state 
of the blood, which often has an abnormal tendency to 
coagulate, together with the quiescent condition of the 
patient, materially aid in causing the coagulation. 

2. Thrombosis from Abnormal Conditions of the Vessels 
or of the Blood, 

a. Causes in the vessels. — Any abnormal condition of 
the walls of a vessel may be a cause of thrombosis. When 
the wall becomes abnormal it acts as a foreign body and 
the blood coagulates upon it, and it may continue to do so 
until the cavity of the vessel becomes filled with coagulnm. 
Thrombi produced in this way are consequently stratified. 
The walls of a vessel may become altered as the result of 
inflammatory processes, and inflammation was formerly 
regarded as the main, if not the only, cause of thrombosis ; 
hence thrombosis in veins is frequently termed "phle- 
bitis" even at the present day. Inflammation of veins, 
as already stated, is certainly rare as a primary condi- 
tion, although it not unfrequently results from the forma- 
tion of a thrombus. When occurring primarily, inflam- 
matory processes, both in the arteries and the veins, have 
their seat in the external and middle coats or in the 
deeper layers of the intima. They never commence in 
the lining membrane of the vessel : this only becomes 
affected secondarily. The vitality of the lining membrane 
becomes impaired as the result of the inflammatory pro- 
cess, and when this has occurred it acts as a foreign 
body, and thus there is a tendency for the blood to 
coagulate upon its surface. In other cases the lim'Tig 
membrane is completely destroyed, and the subjacent 
diseased tissues thus come into contact with the circu- 
lating blood, and in the same way cause the formation 
of a thrombxis. ^uc^ ^^SL^inisaaJwyr^ Os^asv^^^^s occur in 
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the arteries, constitnting the condition known as '* athe- 
roma," which, in the smaller vessels, may be a cause of 
thrombosis. In the heart they constitute endocarditis; 
and here also, as has been seen, coagulation may take 
place upon the abnormal surface of the inflammatory 
vegetations. (See " Endocarditis.") 

The walls of a vessel may also become altered, and thus 
thrombosis result, from inflammation or gangrene of the 
tissues in which it is situated. The vitality of the vessel 
becomes destroyed and the blood coagulates within it ; 
<Uid by this means the occurrence of hsBmorrhage is fre- 
quently prevented. The projection of new formations, as 
Sarcoma, into the cavity of vessels, may in the same way 
^use the formation of a thrombus. 

p. CatMes in the blood. — There can be no doubt that 
certain conditions of the blood favour coagulation, and 
consequently tend to promote the occurrence of throm- 
bosis. The phenomenon of blood-coagulation has been 
shown by Professor A. Schmidt to depend upon the 
white blood-corpuscles, and it is well known that, under 
certain circumstances, an increase in the number of these 
corpuscles in the blood favours the formation of thrombi. 
Such an increase is frequently met with in inflammatory 
processes which involve largely the lymphatic organs 
(leucocytosis). It is probable that other conditions of 
the blood, such as a loss of its serum, and alterations 
produced by fevers and by septic poisons, may also favour 
coagulation. (See " Septicaemia.") An increased ten- 
dency of the blood to coagulate has long been known to 
exist in many acute inflammatory diseases, and in the 
latter months of pregnancy. 

Ati increased tendency of the blood to coagulate, to 
whatever circumstances it may be due, is, however, 
probably never sufficient in itseK to determine the forma- 
tion of a thrombus ; it can hence only be regarded as a 
predisposing cause. It is especially in those conditions 
in wldch the circulation is impeded &om diminished 
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cardiac power, that it becomes an important agent in 
producing thrombosis. 

Results. — The results of thrombosis comprise certain 
changes in the walls of the vessels, more or less obstruc- 
tion to the circulation, and embolism. These must be 
considered separately. 

1. Changes in the vessels, — ^More or less alteration in 
the wall of the vessel is an invariable consequence of the 
fonnation of a thrombus. When the thrombus under- 
goes a process of organisation, it becomes, as already 
described, intimately united with the vascular wall. The 
latter in the first place becomes infiltrated with cells and 
considerably thickened, but ultimately, together with the 
thrombus, gradually atrophies. It is when the thrombus 
softens and becomes disintegrated that the most impor- 
tant changes take place in the vessel. These changes are 
of an acute inflammatory nature, and appear to result 
from the irritating influence of the softened thrombus. 
They are most frequently observed in the veins, where 
softening is most liable to occur. 

The walls of a vein within which a thrombus is soften- 
ing are considerably thickened, so that the vessel more 
resembles an artery. The inner surface has lost its 
translucency, and is of a dead opaque colour. The vasa 
vasorum are hyperaemic. Under the microscope, the 
cells of the intima and of the middle and external coats 
are found to be considerably increased in number, and 
numerous leucocytes are seen infiltrating the difierent 
textures. In some cases small collections of pus are seen 
in the external coats. Similar changes are observed in 
the arteries. 

In these acute inflammatory changes which are pro- 
duced in veins by thrombi, proliferation of the endothe- 
lium of the vessel often appears to play a prominent part. 
As already stated, in inflammation of vessels not resulting 
from thrombosis, the endothelium undergoes no active 
changes. 
2. Obstruction to tTie cxtcuUlHou.— -^XS^^fc <!«k\v.^^Qjvs?a35ft». ^ 
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obstmctioin to Ihe oreolation wiiieii resohs firam tlie 
nation of a tfazomlHis wiU depend npon the npiditjof 
brmation, the nature and she of die reaael obetrocted* 
situation and nambo' of tiie coUaCeial brancEea^ and 
force of the riimlatTng cnrrent. Whai a thrombvs 
ns in a Tein of small size and there are nnmenMS 
ateral Tessdsy as in the prostatic or uterine i^exnaes, 
circolation is but little interfered vith and no sjmp- 
18 of obetmction result. If^ bowerer, the main trunk 
k large Tein becomes obliterated, as that of the finnoral 
liac Teins, the obetroction is followed by hjpenemia, 
extent and duration of which will depend npon the 
lity with which the drcnlation can be retrtored hy the 
ateral vessels. Thrombosis in the abore-named Teins 
[uently occurs, as abeady stated, in the latter stages 

many chronic debilitating diseases, especially in 
hisis ; also in the puerperal state, where it gives rise 
the condition known as phlegmasia doleus. The for- 
tdon of a thrombus here is followed by oedema and 
(lling of the limb, which becomes tense, elastic and 
ofuL In the early stage there may be some cyanobis, 
this is usoaUy quickly followed by a pallid whiteness 
he surface. There is often more or less tenderness in 

course of the vein, which feels enlarged, hard, and 
>tted, owing to the secondary inflammatory changes 
its walls. At the same time there is sometimes 
(lling and tenderness of the lymphatics, which may be 
a. as red lines traversiiig the limb. Diffuse inflamma- 
1 of the skin and subcutaneous cellular tissue occasion- 
r occurs. These changes are owing partly to the 
shanical impediment to the circulation, and partly to 

obstruction of lymphatics and to the secondary 
ammatory processes in the vein and tissues which 
ue. The circulation is usually ultimately restored; 
i if the impediment has been of long duration, the 
mes become thickened, and the limb is left in a hard, 
.urated, and somewhat enlarged condition, 
rhe formation of a thrombus in an artery is followed 
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in the first place by ansBmia of the parts supplied by it ; 
the nltimate result will depend upon the facility with 
which the circulation can be restored by the collateral 
vessels. If the circulation be quickly re-established, as 
is usually the case, the vitality of the tissues may not 
become impaired ; but if not, the part may undergo a 
process of molecular disintegration and softening, the 
softened tissue often being surrounded by a zone of 
hyperasmia which results from the attempt to estabhsh a 
collateral circulation. 

3. Embolism. — Portions of the thrombus may be carried 
away by the circulation, thus constituting embolism. 
This, which is the most important result of thrombosis, 
will be considered in the following chapter. 



CHAPTER XLV. 

EMBOLISM. 

iM is the arrest of solid snbstances circnlating in 
d in vessels which are too small to allow them to 
[lie solid snbstances are termed emboli. These 

varions in their nature, 
r the most freqnent source of emboli are thrombi, 

of which are carried from the seat of their for- 
Dj the circulation, and become arrested in distant 
-thus constituting embolism. A thrombus may 
I to emboli in various ways. It may soften and 
wn, and if the lumen of the vessel be tiiius restored, 
aents become distributed by the blood-current. In 
ses in which the thrombus does not fill the vessel, 

of it may readily be carried away by the blood 
over it. Perhaps, however, the most frequent way 
. a thrombus gives rise to embolism is by its conical 
g broken off by the current of blood from a col- 
essel. The formation of a thrombus, as already 
i, usually ceases opposite the entrance of a large 
1 vessel, and if its conical end project a little way 
cavity of this vessel it may be readily broken off 
lood-current. (Fig. 129.) It is especially venous 
which give rise to embolism: the veins of the leg, 

hypogastric, and jugular veins being amongst the 
nmon sources. Emboli from cardiac thrombi are 
eedingly common, whilst those from arterial are 
i frequent. In embolism originating in thrombosis 
dden movement or exertion often determines the 
:>n of the embolus. 
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the imier Borface of Biieiiee ; portiona of new grawtki,ia 
carciiioina, whicli hftving perforated the TeeselB, have bea 
carried awaj bj tlie current; parasites which liaTeiiiide 
their waj into the interior of vesaels ; pigment giainilM, 
and other snbatancea, ma} all constitate emboU. 

The emboli become arrested in the firat veeselt thej 
meet with which are too small to allow them to ptsa: 
the Biie of the vessel will canseqnentlj depend npcn tb 
size of the embolos. Thej an oft«n lo miunte that thaj 
pasa into and become impacted in the smalleat capillanaa 
The seat of impaction ia nsaaDj at the bifiircataon of the 
Teasel, or where, from the giving off of brandua, tk* 
calibre is dimiiriahing rapidly. (See Fig. 130.) Thu 
emboli originating in the aTstemie teina or in the ri^t 
oandiac cAvitiea, wiU. tnoifc «namcii^\*EAiDa ^riMtad ia 
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) vessels of the Inngs ; those originating in the arteries, 
) left cardiac cavities, or the pulmonary veins — ^in the 
itemic arteries and capillaries, especially in those of 
) spleen, kidneys, and brain ; and those originating in 
J portal venons system — ^in the hepatic branches of the 
rtal vein. In some cases, however, the smallest emboli 
ky pass throngh the capillaries of the Inngs and become 
rested in those of the kidneys, spleen, or other organs. 
Lus, with the exception of emboli originating in the 
rtal vessels, the seat of arrest is the arteries or 
pillaries. 

The emboli are nsnally carried in the direction of the 
iin current ; hence those carried by the aortic stream 
)re commonly pass into the thoracic aorta than into 
3 carotid and subclavian vessels, and into the left carotid 
d renal artery than into the corresponding arteries of 
3 opposite side. Gravitation also influences the direc- 
n in which they are carried, especially those of large 
e, which move somewhat more slowly than the blood- 
eam. Owing to this they are more common in the 
rer lobes and posterior parts of the lungs than in the 
jerior and anterior portions of these organs, 
rhe embolus, when arrested, may either completely or 
y partially fill the cavity of the vessel. If, as is fre- 
mtly the case, the arrest takes place at a point of 
orcation, the embolus may partially fill both branches, 
)wing a small stream of blood to pass. This may 
aik off portions of it, and so cause secondary emboli, 
ich become impacted in more distant vessels. The 
onnt of obstruction which immediately follows the 
est, will partly depend upon the nature of the embolus 
jlf . If the embolus be from a soft, recently formed 
ombus, it will adapt itself to the cavity of the vessel, 
L so completely occlude it. If, on the other hand, it is 
jgular in shape and firm in consistence, as when derived 
m a calcified cardiac vegetation, it may not fill the 
sel, but allow a small current of blood to pass it. 
I?he arrest of the embolus and the conaec^uent obstmc- 
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tioB to Uw flboalfttioii, ie followed by the formaliMi of 
thioiBbi beUnd uid in front of it, wbicH extend as far u 
tb« iBtnBM of tb* firat large collateral vessela. (Fig.130,) 
If thn tmllfitwi Hum not completely fill the ve»itet, coagnlim 
it depiwittdiB ■Bfloeiaiva layers upon its surface until tir» 
ooduioiloC AtTCMcl is complete, and thea the eetwudaij 
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thrombns extends, aa in tbe former case, until it n 
with 11 1'MiTi'ut of blood strong enough to arrest its pro 
gresa. If llu oiiibohia ia it portion of a soft thrombus 
will in moat cases be impossible to distingiiish it &om the 
secondary tlirombus which Bnrronuds it. If, howeTer, it 
is a calcareous mass, or a portion of an old thrombiu, 
it may usually be distiuguishsd from the more recent 
secondary coa^um. 

Emboli may, in rare cases, become absorbed. They 
may also, when derived from thrombi, become organised 
or soften. The changes in the secondary thrombi are 
similar to those already described as occurring in the 
primary, — com^nsiag adhesion to the wall of the veaaeli 
goitenmgi and orgWAstMn^ 
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Ebsults.— The results of embolism are of two kinds — 
hoae depending upon the mechanical obstruction to the 
^rcnlation, and i^ose produced by the irritating or 
bfective properties of the emboli themselves. (See 
"Pyaemia.") 

Cha/ngea m the Obstructed Vessels, — ^The first series of 
changes are those occurring in the walls of the vessel 
within which the embolus becomes arrested. These 
clLanges depend upon the mechanical and chemical pro- 
Arties of the embolus. If the embolus possesses no in- 
fective properties, being derived from a source where no 
;>ntrefactive changes are taking place, it, together with 
-he thrombus which it causes to form around and beyond 
t, usually becomes organised or reabsorbed, and the 
nulls of the vessel become more or less thickened. Or, if 
iJie embolus has rough surfaces, as when derived irom a 
calcareous vegetation in the heart, it may produce some 
nflammation of the vessel. When, on the other hand, 
he embolus is impregnated with unhealthy pus or with 
>ther putrid inflammatory products, it is very liable to 
ause gangrenous inflammation and sloughing of the walls 
if the vessel within which it is impacted, which may 
xtend for some distance into the surrounding tissues. 

The vessels also undergo important changes, owing to 
he arrest of the circulation. These changes have been 
avestigated by Cohnheim, and have already been alluded 
in the chapter on " Inflammation." Cohnheim found 
hat the exclusion of the blood from a vascular region for 
sufficient length of time produced so much impairment 
f the vitality of the vascular walls, that when the blood 
ras again allowed to circulate, the vessels dilated, the 
lood-flow was retarded, and the liquor sanguinis and 
ed and white blood-corpuscles escaped into the sur- 
ounding tissues. An arrest of the circulation for a still 
mger period was followed by capillary hsBmorrhages, 
nd ultimately by necrosis of the vessel. 

Allusion must be made here to embolism as a cause of 
neurism. That aneurisms, especially of the cerebral 
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arteries in young people, are often dne to embolism is 
now pretty generally admitted by patbologists. Witli 
regard to the mode in whicli the embolas causes dilata- 
tion of the artery, although this may differ in different 
cases, an injurious influence of the embolus upon the 
walls of the artery, and a consequent inflammatory 
softening of the vessel, is probably the most common 
condition. 

Changes in the Organ. — Important changes take place 
in the organ or tissue, the vessels of which have become 
plugged by the embolus. The flrst effect of the plugging 
of a vessel by an embolus, is the arrest of the circulation 
through it, and if the vessel be the main nutrient or 
fanctional artery, this is followed by the sudden cesssr 
tion of the function and nutrition of the part. Thus, 
plugging of one of the larger arteries in the brain is fol- 
lowed by sudden loss of consciousness and paralysis 
(apoplexy) ; plugging of the pulmonary artery, by sudden 
asphyxia; and of the coronary arteries, by sudden 
paralysis of the heart. The subsequent changes will 
depend upon the structure of the organ, the arrangement 
of its vessels, the facility with which a collateral circula- 
tion can be established, and the nature of the embolus. 
If the circulation be quickly restored by the collateral 
vessels, a sufficient arterial anastomosis being established 
behind the obstructed artery, the part recovers itself 
without undergoing any structural chauge, and its nutri- 
tion and functions are restored. If, however, this is not 
the case, the walls of the obstructed vessels become so much 
damaged that exudation and emigration take place, and the 
vessels and surrounding tissues may ultimately lose their 
vitality. The interference with the circulation is partly 
due to the thrombosis which occurs around the impacted 
embolus. The organs in which the arrangement of the 
blood-vessels is such that the circulation cannot be 
readily restored by the anastomosing vessels, and conse- 
quently those in which necrotic changes most commonly 
result from exxibo^m.) ox^ V^<b ^^^^^tl^ \K<^ lodnfiys, the 



EXBOIISM* 107 



longB, ilie bna, and flie idna. Tbew aiteries with 
wliieii VBuAmDomm do aoi edit are caDed bj Cohnlieiin 
" terminal'' aiteriea. 

The area of tbrae from iriddi the supply of blood has 
been cat oil la naoally s imoun ded bj a zone of intense 
l ijpenBm ia» which reanlU bam the stress which is thrown 
ujKHi the eonateral Tesscli This nme <rf hjpenemia is 
▼617 Gfaaraeteristic, and indicatgs at once the natore of 
the lesion. When, owing to the absence of sofficient 
arterial anastomoais (when tenninal aiteries are blocked), 
the circalation cannot be restored, the vessels in the 
embofie area become so mnch altered that exudation, 
emigration, and hemorrhage take place, and thus is pro- 
dnoed a tract of tissue within which the circulation has 
become arrested, and which is more or less extensivelj 
infiltrated with blood. This is known as a hcBmorrhagie 
infarct. 

These hsBmorrhagic infarcts are yerj fireqnently met 
with, especiallj in tiie lungs, spleen, and kidneys. They 
are bladdsh-red, firm masses of consolidation, and owing 
to the distribution of the blood-vessels they are usually 
wedge-shaped, the apex of the cone being towards the 
centre of the organ. The more complete the obstruction 
and the more vascular the tissue, the greater is the 
amount of infarction, and the more rapid is the softening 
and disintegration that ensues. (Fig. 181.) 

This vascular engorgement of the embolic area was for- 
merly supposed to be due to the increased stress which is 
thrown on the collateral vessels. The investigations of 
Gohnheim, however, show that it is really mainly owing 
to the impairment of the vitality of the walls of the 
blood-vessels, and the consequent exudation, emigration, 
and ultimate necrosis of the vascular walls. When the 
force of the blood-stream in the artery is annihilated by 
the impaction of the embolus there is a backward pres- 
sure and regurgitation from the veins into the capillaries, 
BO that there is produced considerable venous engorge- 
ment of the last-named vessels. There is thus a substi- 
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tntion ia the capillaries and small arteries of veuons for 
arterial blaod, and owing to this 'Uie vitality of these 
veaselfi becomes impaired, and haemorrhage resnlte. 1^ 




irrh^ic Infant a. Artery obli- 
terated by an embolua (f). v. Vein filled with a aecondary 
thrombuB ((A). 1. Ci^ntre of infarct which ia bsccmiDg die- 
iotegrftted. 2. Area of extravasation. 3. Area ol colla- 
teral hjpenamia. (0. ■Webar.) 

infarction conaeqnentlj does not OCCnr immediately after 
the impaction of the embolus, bat only after the lapse of 
a certain time. 

The subsequent changes which take place in the infarct 
depend upon ita size, upon the estent to which the circu- 
lation in it is interfered with, and upon the nature of the 
embolus which caused the infarction. If the infarct is 
small and the embolus possesseB no infective properties, 
the coagulated blood may gradually become decolorised, 
and the mass undergo a gradual process of absorption. 
The infarct then changes from a dark red to a brown or 
yellow tint, its more external portions become organised 
into connective tissue, and the whole gradually contracts, 
until ultimately a cicatrix may be all that remains to 
indicate the diajage. l£,\i(iiie^«t,'i«iii&a'*iisffli vaoon- 
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siderable, the molecular disintegration and softening may 
be so extensive as to concert tlie mass into a pulpy- 
granular material. This may subsequently dry up and 
become encapsuled. In all these secondary changes 
which take place in the infarct, its most external portions 
are surrounded by a red zone of hypergemic tissue. This 
is exceedingly characteristic. 

If an embolus possesses irritating or infective proper- 
ties, as when it is derived from a part where putrefactive 
inflammatory changes are going on, it sets up inflamma- 
tory processes both in the vessel within which it becomes 
impacted, and also in the surrounding tissues. These 
inflammatoiy changes frequently lead to the formation 
of abscesses, which are known as embolic abscesses. (See 
" PyaBmia.") The formation of such abscesses may be 
associated with more or less infarction of the embolic 
area. 



THKOMBOSIS AND EMBOLISM OP THE BBAIN. 

Thrombosis and embolism are the most common causes 
of cerebral softenings. 

Softening from Thrombosis. — This is commonly the 
result of atheromatous or calcareous changes in the cere- 
bral arteries. Such changes cause a diminution in the 
lumen or a roughening of the lining membrane of the 
vessels, impair their elasticity and contractility, and so 
favour the occurrence of thrombosis. As a result of the 
interference with the supply of blood, the cerebral sub- 
stance undergoes a more or less rapid process of fatty 
degeneration and softening, such as has been already 
described. (See " Fatty Degeneration of the Brain.*') 
The softened portions when recent, and when the ob- 
struction is rapidly induced, are often of a reddish colour, 
although with age they gradually become decolorised. 
In the more gradually induced obstructions the colour of 
the softened tissue is usually white. 

Softening from Emholiam, — T\ie ^oi\.ei!ML^ x^"«5ii«3i% 
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from embolism is, for the most part, entirely dex>endent 
upon the obstruction to tbe circulation caused by the 
embolus and by the resulting thrombosis. It is rapidly 
induced and is often attended by the extravasation of 
blood, when it constitutes one form of acute red soften- 
ing. If the interference with the circulation be slight, 
there may be no extravasation of blood and the process 
of disintegration may be more gradual, so that the 
softened portions are white in colour, and the condition 
then more resembles the chronic white softening already 
described as resulting from degeneration of the cerebral 
blood-vessels. (See " Fatty Degeneration of the Brain.") 
The softened tissue will also be white in colour when one 
of the large vessels is obstructed, so that a large portion 
of one hemisphere loses its vitality. The vessel most 
frequently blocked is the middle cerebral artery, in some 
part of its course ; and in the majority of cases it is that 
of the left side. In almost all cases in which softening 
of the cerebral substance results from embolism, the 
embolus is arrested in one of the vessels beyond the 
circle of Willis, because here the circulation cannot be 
readily restored by the collateral vessels. 

When the interference with the circidation is attended 
by vascular engorgement and extravasation of blood, the 
softened portion, in the early stage, is either of a uniform 
dark-red colour, or presents numerous red haemorrhagic 
points. The softening is most marked in the centre, 
whilst the hyperaemia and redness may extend for some 
distance around it. Under the microscope, the softened 
portion is seen to consist of broken-down nerve fibres, 
altered blood-corpuscles, granules of fat, and the large 
granular corpuscles which result from the fatty degenera- 
tion of the nerve -cells and of the cells of the neuroglia. 
(See Fig. II.) The surrounding capillaries are dilated 
and filled with coagula, and the granular corpuscles 
envelop their walls. In a more advanced stage all trace 
of nervous structure is lost, the softened mass becomes 
decolorised, and paaa^^ iioTn «» ^oas^-x^ ^i^^^pox. -^^i la^Qhoco- 
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late, brown, yellow, or even white. It may liquefy and 
form a cyst ; more commonly, however, it gradually dries 
up, and a process of repair takes place by the growth of 
the snnounding neuroglia, which forms a fibrous net- 
work in the place of the softened tissue. This contracts, 
and ultimately a doatrix with hssmatoidin crystals may 
be all that remains. 

Bed softening from embolism is often very difficult to 
distinguish in. the post-mortem room from that which 
Tesults from thrombosis. 



/ 



CHAPTEK XLVL 

LEUKEMIA. 

LETJiLfflMiA, or leucocytlisBmia, is a disease characterised 
by a large increase in the number of the white corpuscles 
in the blood, which increase is associated with a new 
formation of lymphatic tissue in the spleen, in the 
lymphatic glands, and sometimes in other organs. 
Eespecting the relation which subsists between the 
new growth of lymphatic tissue and the increase in the 
number of the white blood- corpuscles — it is probable, 
as stated by Yirchow, that the former is a cause of the 
latter, and that the increase is mainly due to a larger 
number of lymphatic elements entering the blood than 
in health. At the same time it is difficult to admit this 
as the only cause of the increase, as new growths 
of lymphatic tissue may take place in these organs 
without the production of any leukasmia. This has 
been seen to occur in Hodgldn's disease. It is pos- 
sible that the power of the white blood-corpuscles and 
lymph-corpuscles to form red corpuscles is diminished, or 
that the white corpuscles may increase by multiplication 
in the blood. The pathology of the disease, however, is 
still obscure. 

The new formation of lymphatic tissue occurs in the 
spleen or in the lymphatic glands; and subsequently 
the liver, the kidneys, the intestines, the lungs, and other 
organs, may become infiltrated with lymphatic elements. 
The growth is a continuous one, the new elements many 
of them enter t\ie \>\oo^,^iJafe TL^\EL'Kfli^'5x,T\R^»THadftT^ing 
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any retrogressive dianges, give rise to a general increase 
in the size of the organs in which they are generated. 

As the new growth may occur in the spleen or in the 
lymphatic glands, IHichow has distinguished two forms 
ci lenkaemia — the splenic and the lymphatic. In the 
former the white blood-cells are somewhat larger and 
more granular than normal (Fig. 132) ; whilst in the 

Fig. 132. 




Leuboemic Blood. From a yonng man, 
aged twenty-four, with enormous en- 
lugement of the spleen, x 200. 

latter they are smaller. In most cases of the disease, 
however, the spleen is the organ principally involved. 
Often the spleen and the lymphatic glands are simul- 
taneoosly affected. A purely lymphatic lenkaemia is 
exceedingly rare. The coagtdating power of the blood 
in leukaemia is much diminished, and when the liqnid is 
allowed to stand the white corpuscles form a creamy 
layer upon its surface. 

In the spleen — ^which must thus be regarded as much 
the most important organ in the production of leu- 
kaemia — ^the change is characterised mainly by increased 
growth. The organ becomes enlarged, and often enor- 
monsly so. Its cut surface often presents an almost 
natural appearance. The trabeculae, however, are usually 
thickened, so as to appear as white lines scattered 
through the organ; and the Malpighian corpuscles are 
commonly rather large and prominent. The capsule is in 
many cases natural, in others, more or less thickened. 
Sometimes the cut surface is mottled with pale wedge- 
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shaped patches which appear to be of embolic origin. 
Under the microscope the splenic tissue is seen to be 
but little altered, the principal change consisting in an 
over-fulness of the blood-vessels with lenksemic blood. 

In the lymphatic glands the process is similar to that 
in the spleen, and the glands become enlarged and 
vascnlar. 

In some cases this excessive development of lymphatic 
structures takes place in other parts. The follicles of 
the intestine, and the medulla of bone, are those most 
commonly involved. In the intestines, the follicles 
may become so much enlarged as to form distinct firm 
tumours; and the meduUa of bone is, according to 
Neumann, in exceptional cases the principal seat of the 
diseased process. 

In the course of the disease a new growth of lymphatic 
tissue or an infiltration with lymphatic elements usually 
takes place in non-lymphatic structures, principally in 
the liver and kidneys, less frequently in the lungs and 
muscle. The new growth in these organs sometimes 
forms distinct tumours, but much more commonly exists 
as an infiltration. How far these lymphoid growths 
are the result of a hyperplasia of the cells in the inter- 
stitial tissue of the organ in which they are situated, 
and how far an emigration of the leucocytes, which exist 
in such large numbers in the blood, takes part in their 
formation, is unknown. The latter, however, is probably 
the most important factor in the process. 

The organ which is the most common seat of these 
lymphoid grovrbhs is the liver. Here the vessels through- 
out the organ become enlarged and distended with white 
blood, and the infiltration commencing in the interlobular 
tissue, gradually extends into the lobules themselves. In 
the earlier stages, the lobules are seen to be clearly 
mapped out by a greyish-white interlobular infiltration. 
As this increases the liver-cells become compressed and 
atrophy, untii ultimately the lobules may be entirely 
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replaced by it. Associated with tliis infiltration there is 
often a formation of small, ronnd, whitish nodules, 
somewhat resembling grey tubercles. Owing to these 
changes, the liver becomes very considerably increased in 
size. 

In the kidneys, which are also frequently affected, the 
dionge is similar to that in the liver. Here also it con- 
gists for the most part in an infiltration, with which may 
be associated the formation of roundish nodules and 
masses. 



CHAPTER XLVII 

THE PREPAEATION AND MOUNTINa OF 

SPECIMENS. 

In this, the concluding chapter, it is proposed to descrihe 
very briefly the more common methods of preparing and 
mounting specimens for microscopical examination. It 
is not intended to give an account of those various and 
complex methods of investigation which are required for 
minute histological research, but merely to describe those 
more easy ones which suffice in the great majority of cases 
for the recognition of the structural alterations met with 
in disease. In order to be as brief as possible, those 
methods only will be described which I believe to be the 
most readily available and at the same time to yield the 
most satisfactory results. The subject will be treated 
under the following heads : — 1st. The Examination of 
Specimens whilst fresh; 2nd. The Hardening of Speci- 
mens; 3rd. The Making of Sections; 4th. Stadningy 
5th. Preservation and Mounting. 

THE EXAMINATION OP SPECIMENS WHILST PRESH. 

Yery much may be learnt from the examination of 
specimens in their fresh state before they have been 
submitted to any hardening process. The examination 
may be conducted either by making thin sections of the 
tissue with a Yalentin's knife, or by cutting off a minute 
portion and tearing it to pieces with fine needles. The 
specimen prepared in either of these ways should be ex- 
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mined in glycerine.' Thin membranous stmctnres may 
)e examined by simply spreading them out in a drop of 
rater placed npon the glass slide, and then covering them 
vith glycerine. 

The method of making sections of organs whilst fresh 
?ith a Valentin's knife is an exceedingly easy and useful 
vay of at once ascertaining in the post-mortem room the 
existence of the more marked structural changes. The 
mife should be well wetted with water, and then drawn 
xvpidly through the substance of the organ. The section 
hxa obtained is gently washed in water before being ex- 
imined in glycerine. A rough examination of the liver, 
ddneys, and lungs is in this way readily made. 

The muscular fibres of the heart and tumours may be 
namined by the process of teasing. This process, how- 
Jver, is usually more readily efiected after the specimen 
uig been kept in Muller's fluid or in a solution of bichro- 
Date of potash in the manner to be hereafter described. 
JitKe examination of tumours, much may be learnt by 
gently scraping the freshly-cut surface with a knife and 
xamining in glycerine the elements which are thus sepa- 
ated. 

THE HARDENING OP SPECIMENS. 

In order to make a complete and satisfactory examina- 
on of diseased structures, it is in almost all cases neces- 
iry to submit them to a process of hardening. By this 
tt>cess they are so altered that fine sections of them can 
a made, and the sections are also rendered more fit for 
drmanent preservation than are those obtained from 
Bsues in their fresh state. Numerous substances have 
ien employed as hardening agents. Those, however, 
hich are the most generally valuable are Muller's fluid, 
iromic acid, bichromate of potash, and alcohol, 

MiiUer's Fluid. — Of all hardening agents this is much 
16 most satisfactory and the one most generally appli- 
ible. It is prepared in the following way : — 
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other stmctures. It is often advisable to commence the 
hardening with bichromate of potash, and then to com- 
plete it in chromic acid or common alcohol. The bichro- 
mate is also valuable for the maceration of tissues «fhich 
are to be examined by teasing. The bichromate should 
be used in aqueous solution — strength one to two per cent. 
It penetrates more readily than the chromic acid, and 
consequently it is not necessary to use quite such small 
pieces of the tissue. The tissue must be kept in the 
nhition from two to four weeks. 

Alcohol. — ^This is most valuable as an agent for the 
completion of the hardening of tissues which have been 
i;nreviously placed in Muller's fluid, chromic acid, or in 
bichromate of potash. The tissues should be kept in it 
<me or two days. Some tissues, however, appear to harden 
better if they are at once placed in alcohol; amongst 
these are the lymphatic glands, spleen, and testis. Com- 
mon (methylic) alcohol answers for all these purposes. 
Lastly, alcohol must be employed for the hardening of 
aU tissues which have been injected. Absolute alcohol is 
often necessary for the completion of hardening of many 
tiasuea. 

The Softeni/i/ig of Tissues, — Some tissues, as osseous 
stmctures, tumours which have become calcified, &c., 
require to be softened before sections can be made. This 
may be effected by placing them in the one-sixth per cent. 
chiomic acid solution, to each six ounces of which three 
or more drops of concentrated hydrochloric acid have 
been added. 

THE MAKING OP SECTIONS. 

Although various instruments have been contrived for 
ipakJTig sections, the one which answers best is a common 
razor, or a similar blade firmly fixed in a wooden handle. 
The usefulness of this instrument is much increased if the 
lower surface of the blade be ground perfectly flat, whilst 
the upper is made slightly concave. 

Hardened tissues from whichi Boctioixa «x« "^ \^ \si^<6 
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must always have first been placed in common alcohol, in 
the manner already described. In making the section the 
blade of the instrument must be kept well wetted with 
common alcohol, and the section when cut must be placed 
at once in the same liquid. 

Imbedding. — Hardened tissues which are too small or 
too delicate to be held in the hand for the purpose of 
making sections, must be imbedded. The object of im- 
bedding is to fix the tissue in some substance which can 
not only be readily held, but which can also be easily cut 
with the section-knife. Various substances are used for 
this purpose. Of these the one which is most generally 
applicable is a mixture of wax and olive oil. Equal 
quantities of pure white wax and olive oil should be 
warmed together and well mixed, and the mass when cold 
may be kept to be used as required. When a specimen is 
to be imbedded, a small case of paper should be made 
somewhat larger than the specimen. The edges of the 
paper can be secured with a little mucilage or with a pin. 
The mixture of wax and oil is then melted and the paper 
case filled with it. The specimen to be imbedded — which 
must have been removed from common alcohol — is now to 
he slightly dried on blotting-paper and immersed in the 
melted compound. The process of immersion requires a 
little care. The specimen should be placed upon the 
point of a fine needle, and as soon as the wax commences 
to solidify at the sides of the case, it must be dipped 
beneath the melted liquid so as to be completely covered 
by it. The needle must then be removed by giving it a 
gentle twist so as not to disturb the specimen. When 
the wax is cool the paper can be removed and the mass 
placed in common alcohol. Sections can be made from it 
when convenient. 

STAINING. 

When the section has been made and placed in common 
alcohol, in the m^anaxiet da^eribed, it is usually advisable 
to stain it. The ob^ec^. ol ^XaMsxa.^ Sa \ft Sas^'wH* ^^ the 
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different portions of the tissne different shades of colour, 
so that its structure can be more readily recognised. The 
substances which are the most generally applicable for 
this purpose are logwood and carmine. Of these logwood 
is the preferable, inasmuch as it not only differentiates 
most tissues more completely, but it is a much more 
agreeable colour to work with. 

Staining with Logwood, — ^The following is the method 
for preparing the logwood solution recommended by Dr. 
Elein: — 

Take of— 

Extract. Hsematox 6 grammes. 

Alumen 18 grammes. 

Mix thoroughly in a mortar. 

Add gradtially whilst stirring — 

Distilled Water 28 cub. cent. 

Filter. 
To the filtrate add — 

Spirit. Rect 1 drachm. 

The solution must be kept in a stoppered bottle for a few 
days before being used. 

For staining, several (5 — 10) drops are to be added to 
half a watch-glass of distilled water. The thus diluted 
solution should be filtered before being used. Sections 
which have been removed from common alcohol, are to 
be placed in the dilute solution for from ten to twenty 
minutes, and then to be washed in distilled water. 

Qradual Staining with Weak Carmine. — In staining 
with carmine two methods may be employed : — the one 
consists in using a strong solution, so as to stain rapidly ; 
the other in staining very gradually with a much less 
concentrated liquid. Of these, the method of gradual 
staining with weak solutions yields the most satisfactory 
results, inasmuch as by this means the differentiation of 
the tissue is rendered more complete than when the colo- 
ration is rapidly induced. The process of rapid staining 
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h strong carmine is, however, the most convenient, and 
fields, in most ccLses, sufficiently satisfactory results. 
The following is the method for gradual staining re- 
mmended by Dr. Klein : — 

Take of-- 

Powdered Gamune 2 grammes. 

Bub it up with a few drops of Distilled Water. 

Add-' 

Liquor Ammonise fort 4 cub. cent. 

Distilled Water 48 cub. cent. 

Mix together with a glass rod, and jQlter. 
The solution to be kept in a stoppered bottle. 

For staining, take one drop of the above solution, and 
add to it from nine to twelve* drops of distQled water. 
Sections, which have been removed from common alcohol, 
to be placed in this from sixteen to twenty-four hours. 

Rapid Staining with Strong Carmine. — ^To stain ra- 
pidly, the sections may be placed in the above strong 
solution of carmine without the addition of water. In 
this case the strong solution of carmine should have been 
kept exposed to the air for a suf&cient length of time to 
allow the excess of ammonia to escape. It is consequently 
advisable to have two bottles of strong carmine solution 
— one for rapid, and the other for gradual staining. 

The time required for rapid staining is from thirty 
seconds to five minutes. This, however, will vary veiy 
considerably according to the nature of the tissue to Ix 
stained. A knowledge of the amount of time whici 
yields the best results will be readily learnt by a littJ 
practice. 

The sections when removed from the carmine staini? 
solution must be washed for a few seconds in distil] 
water containing one-quarter per cent, of acetic acid. 
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When the section has been stained, it is ready to be pre- 
i pared for monnting permanently. The two substances in 
which tissues are most commonly mounted are glycerine 
and Dammar varnish. Of these, the latter should be em- 
ployed in all cases in which the preservation of the section 
is intended to be permanent. Many tissues, however, 
yield more satisfactory results when examined in gly- 
cerine; but they cannot be preserved in this liquid for 
any great length of time without undergoing some 
alteration. 

The methods of mounting in Dammar varnish and 
glycerine must be described separately. 

Mownting in Damma/r Varnish, — When the section is 

to be mounted in Dammar — it having been already 

stained and washed — it must first be placed in absolute 

alcohol for about a quarter of an hour. From the alcohol 

it must be transferred to oil of cloves, the superfluous 

alcohol having been first removed from the section by 

blotting-paper. In the oil of cloves it becomes, in a few 

seconds, quite transparent. The superfluous oil must 

be removed by blotting-paper, and the section is then 

ready for mounting in the Dammar varnish. If more 

convenient, it may be kept for one or two days in the oil 

of cloves before it is mounted in the Dammar. In order to 

make the specimen still more secure, a layer of the 

vamisli may be placed round the edge of the covering 

glass a few days after the section has been mounted. 

The following is the method for preparing the Damtnar 
varnish: — 

Take of— 

Gum Dammar in powder J oz., and dissolve it in 

Turpentine 1\ oz. Filter. 
Gum Mastic ^ oz., and dissolve it in Chloroform 

2 oz. Filter, 
MiT the two filtered solutions, and again filter. 
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Mounting vn, Olycerine, — ^When the section is to be 
moxuited in glycerine no farther preparation is necessary. 
It is simply washed in distilled water and at once trans- 
ferred to a drop of strong glycerine npon the slide. The 
edges of the covering glass mnst then be fastened down 
with some cementing liquid. The Dammar varnish an- 
swers exceedingly well for this purpose. 
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A-^SCESS, 217 

in connectiye tissue, 275 
of bone, 279 
of brain, 336 
of kidneys, 321 
of liver, 316 
of lungs, 344 
of lymphatic glands, 299 
^cute miliary tuberculosis, 226 
Menomata, 158 

„ of mammary gland, 159 

„ of mucous membranes, 161 

ideno-myxoma, 169 
„ -sarcoma, 159 
Adipose tissue, atrophy of, 23 
„ growth of, 36 

Uimentary canal, amyloid degeneration of, 82 
Lmyloid degeneration, 68 

of alimentary canal, 82 
of kidneys, 76 
of liver, 74 

of lymphatic glands, 81 
of spleen, 80 
„ substance, nature of, 69 
„ „ reactions of, 69 

„ „ source of, 73 

^ngiomata, 152 
^.neurism, from arteritis, 286 

„ „ embolism, 405 

Arteries, atheroma of, 284 
„ calcification of, 89 
„ fatty degeneration of, 51 
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isiuiij white Boftening of, 55 
>» yellow softening of, 56 
^^^m atrophy of heart, 61 
t$ induration of lungs, 386 

^^■^OHEXIA, cancerous, 109 
Calcareous degeneration, 85 

„ „ of arteries, 89 

^"•^cer, 180 
>» adenoid, 196 
>» blood-vessels of, 183 
*> cells of, 181 
» clinical characters of, 196 
1, colloid, 190 
a development of, 183 
t, encephaloid, 188 
,, epithelial, 191 
„ lymphatics of, 183 
„ melanotic, 186 
„ osteoid, 186 
„ scirrhus, 186 
„ secondary changes in, 185 
„ stroma of, 182 
„ structure of, 180 
„ varieties of, 186 
Oapillaries, fatty degeneration of, 53 
Oaries, 280 

Carmine for staining, 422 
Cartilage, erosion of, 269 

„ inflammation of, 268 

Caseation, 49 

„ of products of scrofulous inflammation, 223 
„ of tubercle, 235 

Caseous masses, pathological significance of, 50 
Carcinomata, 180 
Catarrh, 305 

Cell, as seat of nutrition, 5 
„ definition of, 12 
„ limiting membrane of, 8 
„ nucleus of, 8, 9 
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Cell, protoplasm of, 7, 9 
Cells, constitution of, 6 

„ genesis of, 10 

„ "indifferent," 116 

„ multiplication o^ 10 

„ physiology of, 8 
Cell-wall, nature of, 8 
Cerebral softenings, 54, 409 
Cicatricial tissue, 274 
Clots, ante-mortem, 390 

„ post-mortem, 389 
Cloudy swelling, 211 
Colloid cancer, 190 
„ degeneration, 63 
„ of muscle, 66 
Condylomata, 156 
Congestion, see " Hyper»mia" 
Connective tissue, fatty infiltration of, 36 
„ inflammation of, 272 
„ suppuration o^ 275 
Cornea, inflammation of, 270 
Corpora amylacea, 82 
Corpuscles, exudation, 47 
Croup, 308 
Cystic-sarcoma, 166 
Cysts, 199 

„ classification of, 202 

„ modes of origin of, 199 

„ secondary changes in, 201 

„ structure of, 200 

TjAMMAK varnish for mounting, 423 
Degeneration, 33 

amyloid, 68 
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calcareous, 85 
causes of, 34 
colloid, 64 
fatty, 35 
mucoid, 63 
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^Pitheria, 310 
^sease, definition of, 1 
^^«6Dtery, 310 

iJ^BOLISM, 401 

„ . in brain, 409 
p „ results of, 405 

Migration of white blood-corpuscles in inflammation, 208 
^^physema, 31 
p^^cepbaloid cancer, 188 
r^^chondromata, 132 
^^^docarditis, 289 



„ acute, 291 

„ chronic, 293 



ulcerative, 292 
epithelioma, 191 

„ cylindrical, 196 

tipulis, 128, 176 
Exostoses, 138 
Exudation corpuscles, 47 
Exudation in inflammation, cause of, 216 

„ of liquor sanguinis in inflammation, 209 
„ in mechanical hyperaemia, 382 



TjlAT, absorption of, 49 





„ infiltration, 36, 40 


Fatty degeneration, 35 
„ „ causes of, 36 
„ „ of arteries, 51 




of brain, 54 




of capillaries, 53 
of heart, 58 




of kidneys, 61 
of muscle, 57 


„ infiltration. 
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of connectiye tissue, 36 
of heart, 41 
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of liver, 43 
of muscle, 40 
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of BjpLilifl, 260 


of haart. 291 






(4ANC1KENE. 13 


dry, U 


eridences of, U 

„ moist, 14 
«emb, 21 


QenwiB of coll-, 10 


Qiwitcelb, S131 


Qlionia, ITH 


Qlugo, oorpusdBii of, « 


On'ydegeii.mlion, 337 


TI ^MATOIDIN. 93 



H«Mt, biMwn alrnphf of, 61 

„ changes in pjreiia, 103 

„ (My degeiieraUoD of, 58 

„ „ iafiltratioD of, 41 

„ filin>iil idduralion of, 394 

„ inflaiumstion u^ 2S9 
Uelerology, 118 
BodgkiD'a disease, 147 
Homology, 118 

Ujpenciuia, 578 

„ BctiTB, S78 

„ mecbaoiral, 381 

„ ofliver, 384 

„ of lung«, 386 

i, post-moftam appeuanMi oT, 387 

Hipwtplk^ 105 
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iFARCT, 407 
InfiltratioDs, 34 
iltration, fatty, 40 
Ummation, 204 

„ acute, 220 

alterations in natrition in, 210 

as cause of gangrene, 20 

causes of blood-stasis in, 214 

changes in the blood-yessels and circulation in, 205 

chronic, 220 
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„ croupous, 308 

„ emigration of red blood-corpuscles in, 209 
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of white blood-corpuscles, in, 208 

exudation of liquor sanguinis in, 209 

fibrinous, 308 

formation of pus in, 218 

idiopathic, 222 

infective, 221 

scrofulous, 223 

specific, 222 
„ stasis in, 207 

„ traumatic, 222 

varieties of, 220 

of arteries, 284 

of blood-vessels, 284 

of bone, 278 

of brain and spinal cord, 335 

of cartilage, 268 
„ of common connective tissue, 272 

„ of cornea, 270 

„ of heart, 289 

„ of kidney, 321 

of liver, 316 

of lungs, 339 

of lymphatic structures, 298 

of mucous membranes, 305 

of serous membranes, 312 

of veins, 287 
ammatory new formations, nature of, 107 

fever — see "Surgical Fever" 

stasis, 207 
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™Sai cronpooB pneumonia, 339 
" emphysema of, 31 
» gangrene of, 344 
» inflammation of, 339 
" interstitial pneumonia, 351 
" pigmentation of, 96 
» phthisis, 359 
^ *> tnbercnlosis of, 244 
J^y^nphadenoma — see " Ljmphomata'* 
"*^^phatic glands, amyloid degeneration of, 81 
it „ inflammation of, acute, 298 

» n „ chronic, 299 

„ leuksemic growths in, 414 
„ non-inflammatory enlargement of — see 

** Lymphomata** 
„ scroftilous, 300 
„ tuberculosis of, 241 
„ structures, inflammation of, in typhoid fever, 300 
Xjmphomata, 143 
Xjmpho-sarcoma, 146 

TlfALIGNANCY, 120 

cachexia as evidence of, 109 
different degrees of, 121 
multiplicity as evidence of, 110 
recurrence after removal as evidence of, 110 
secondary growths as evidence of, 110 
Mammary gland, adenoma of, 159 

„ adeno-fibroma of, 160 
„ adeno-sarcoma of, 160 
„ cystic-sarcoma of, 161 
„ scirrhus of, 187 
Melansemia, 95 
Melanin, 94 
Melanotic cancer, 186 

„ sarcoma, 169 
Melanosis — see " Melanotic Sarcoma'' 
Meningitis, tubercular, 238 
Metamorphoses, 34 
Mollities ossium, 281 
MoUuaoum flbrosum, 128 
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Mortificftttoiiy IS 

Momitiiig of tpddroem^ 416 

Maooid degenentam, 68 

Mucous monibraiiei^ adenomata o( 161 

„ „ catarriial inflammatiQii 0^ 305 

,, „ eroup ooB mflammatioii of, 306 

I, „ fibrinoos inflammation^ 306 

„ „ taberonloflis of, 242 

Maller*8 fluid, 417 

Mnmmificatioii, 14 

Mnscle, fatty degeneration ci, 57 
,, fi&ttyuiflltratkmof, 40 
,, in tjr]^d foTer, 66 

Myelmd tamoor, 175 

MjeUtiB, 336 

MyocarditiB, 203 

Myomata, 150 

Myoma of ntwns, 151 

Myxomata, 140 

TW-ECBOBIOSIS, 24 

•^ NecroBiB, 13, 280 

Nephritis — see " Inflammation of Kidney" 

New formations, 107 

Nervous system, as cause of atrophy, 28 

„ „ „ disease, 3 

Neuromata, 151 
Nucleoli, 8 
Nucleus, 8 

„ function of, 9 
Nutrition, arrested, 13 

„ definition of, 2 

„ impaired, 22 

„ increased, 105 

QSTEOMALACIA, 281 

Osteomata, 137 
Osteo- chondroma, 135 
Osteoid sarcoma, 171 
Osteophytes, lEB 
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DAPILLOMATA, 154 

Periostitis, 279 
?ia mater, tuberculosis of, 238 
Phlegmasia dolens, 399 
Phthisis, pulmonaiy, 359 

" colliers'," 98, 354 
etiology of, 373 
histology of, 360 
older doctrines respecting, 359 
pathology of, 369 
„ tubercle in, 360 
varieties of, 376 
^igmentary degeneration, 91 
^gmentation, false, 95 
^gmentation of Inngs, 96 

„ of sputum, 99 

^gment, source of, 91 
.'neumonia, broncho or catarrhal, 345 
„ croupous, 339 
„ hypostatic, 350 
„ interstitial or chronic, 351 
?ost-mortem staining, 15 
i^otoplasm, 7, 9 

„ coagulation of, after death, 17 
Psammoma, 176 
Pus, characters of, 217 

„ origin of, 218 
Pulmonary phthisis — see " Phthisis, pulmonary" 
Pyaemia, 257 

pathology of metastatic abscesses in, 258 
relation of, to septicaemia, 257 
Pyrexia, tissue changes in, 101 






PICKETS, 282 

Rigor mortis, 15 
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„ nature of change in muscle in, 16 



a AGO spleen,'' 80 
^ Sarcomata, 163 



us 

Sarcnmata, nlveolar, 174 

„ eliuical clmnwtora of, 177 

cyslic, 174 
„ maluiodc, 1S9 
„ mjeloid, 175 
„ osteoid, 171 
„ nmad-aelled, 173 
spindle-celled, 167 
Scarlatiaa, tidiiey changeB in, 328 
Seirrhus cancer, 186 
Sclorosis of bone, 279 
„ nerve, 337 

Scrofulous ioflammatioD, 223 
Senile gangrene, 31 
Seplicnmia, 250 

liactaria in, 253 
„ naCnre of poieoa, 253 

„ relation to pjiemin, 257 

SerooB effuBion, as result of iDflammation, S09 
„ „ of mecbsnical hyperemia, 3S2 
SeroHs merabranea, inflammation of, 312 
SloDgh, separation o^ 18 
Specimens, euminslion o^ whilst fresh, 416 
„ hardening of, 417 

„ imbedding oT, 420 

„ making aectione of, 419 

,, monnting of, 423 

„ preparation and moantiug of, 416 

„ aoflening of, 419 

„ staining of, 420 

Spinal cord, mflommstion of, 33G 

„ Bclerosis of, 337 

Spleen, amjloid degeneration of, 80 
„ loDkiemic, 413 
„ in tjpboid ferer, 300 
Staining of sections, 420 
Suppuration, 217 
Syphilis, 260 

II Mterial changes in, 265 
,1 fibniiiL c^Dg^s ID, t,(A 
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Syphilis, gammata in, 261 

„ nature of lesions in, 260 

rTHROMBOSIS, 389 

„ canses of, 894 

„ results of, 398 

Thrombus, 390 

„ organization of, 391 

„ softeniugof, 393 
Traumatic fever, 251 
Tumours, 108 

„ classification of, 125 

„ constitutional predisposing causes of^ 108 

„ development of, 114 

„ direct exciting causes of, 113 

„ etiology o^ 108 

„ origin of, from emigrant cells, 115 

„ relation of, to the surrounding tissues, 119 

„ retrogressive changes in, 119 

Tubercle, 226 

„ in pulmonary phthisis, 360 

„ older doctrines respecting, 226, 359 

Tuberculosis, acute, 226 

„ artificial production of, 227 

„ giant cells in, 231 

„ infective nature of, 227 

limited to single organs, 236 

nature of lesions in, 230 

of lungs, 244 

of lymphatic glands, 241 

„ of mucous membranes, 242 

„ of pia mater, 238 

ff source of infection in, 229 

Tubercular meningitis, 238 

Typhoid fever, 300 

„ muscular change in, 66 

TTLCERATION, tubercular, of intestine, 243 
^ „ typhoid, of intestine, 302 

Uterus, myoma of, 151 
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THE END. 
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